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ABSTRACT 


MEaHAMS^E  OF  THE  COCIDATIOH  OF  ittilNBS 


1, .  Oxidation  of  imilnes  b.y  Ozone  and  other  reagents. 

By  M.J.W.  Stratford  (Supervisor,  H,B.  Henbest). 

A  moderately  detailed  study  of  the  oxidation  of  tributylaraine  by  ozone 
and  by  active  manganese  dioxide  has  been  made.  The  products  from  ozone  oxidation 
depend  on  the  reaction  conditions.  The  N-Oxide  is  the  main  product  in  some 
solvents  vAiereas  attack  of  ozone  at  the  carbon  next  to  nitrogen  occurs  in  other 
solvents.  The  a-Hydroxyaniine  appears  to  be  formed  in  the  latter  reaction.  This 
is  fairly  stable  at  low  temperatiu’es  but  gives  dibutylamine  on  treatment  with  aqueous 
acid.  The  a-hydroxyamlne  dehydrates  at  1 5°  to  the  enamine  so  that  N-fomyldibutyl- 
amine  is  produced  on  oznolysis  of  the  tertiary  amine  at  room  temperature. 

Oxidation  of  tributylamine  with  manganese  dioxide  also  gives 
N-f onryldibutylamine,  and  similar  oxidation  occurs  with  other  trialkylamines. 

Further  work  on  the  tributylamine-oxygen  reaction,  and  preliminary 
work  on  the  oxidation  of  tertiary  amines  with  cumene  hydroperoxide  is  also  reported. 


2,  Oxidation  of  Amines  by  Monovalent  Radicals. 

By  R.  Patton  (Supervisor,  H,B,  Henbest), 

Additional  examples  of  the  formation  of  substituted  ethylene  diamines  by 
reaction  of  tertiary  amines  virith  t-butoxy  radicals  ore  given.  In  a  competition 
experiment,  dime  thy  laniline  and  dimethyl-t-butylamine  showed  similar  inactivity 
towards  t-butoxy  radicals;  cis-  and  trans-1 ,2,5-trimethylpyrrolidine  also  show  little 
difference  in  reactivity, 

Deliydrogenative  coupling  does  not  occur  when  t-butoxy-radicals  react  with 
dimetliylaniline  in  acetic  acid  solution.  The  amine  is  demethylated,  the  ejected 
carbon  linking  two,  toen  three  arcmatic  rings  together.  Evidence  for  intermediate 
steps  in  the  overall  reaction  has  been  obtained. 
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3«  Reactions  of  Anlnes  in  Aqueous  Solution  T<ith  Poljryalent  Metal  Oxidants. 

By  Hanna  (Supervisor,  R.G.R,  Bacon). 

Among  metal  derivatives  so  far  studied,  argentic  compounds,  exemplified 
by  argentic  picolinate,  or  by  the  bivalent  silver  species  present  in  Ag  /S^Oq  ~ 
mixtures,  are  uniquely  effective  for  aliphatic  amine  oxidations  in  aqueous  media; 
mercuric  acetate  has  much  lower  activity.  Polar  organic  solvents,  such  as 
alcohols  or  dioxan,  may  be  successfully  used  in  place  of  water  as  media  for 
reactions  between  argentic  picolinate  and  solid,  water-insoluble  substrates,  but 
no  reaction  occurs  in  hydrocarbon  solvents;  t-butanol,  being  resistant  to 
oxidation,  is  particularly  suitable. 

Hith  aqueous  solutions  of  primary  amines,  argentic  picolinate  gives 
aldehydes  or  ketones  in  10-2*0^  yield,  while  secondary  amines  give  yields  of 
20-90i^«  Combination  of  amines  with  argentous  ion,  giving  complexes  which  are 
stable  to  oxidation,  may  be  a  factor  affecting  this  situation.  Such  an  effect 
is  clear  in  the  case  of  ammonia  oxidations,  the  stoichiometry  of  vdiich  indicates 
that  each  ion  formed  in  the  oxidation  immobilises  two  ammonia  molecules  as 
Ag(MH^)2'*’,  Size  and  branching  in  the  alkyl  group  of  alhylamines  has  an  important 
influence.  Thus,  3,5,5-trimethylhexylamine  is  unique  in  losing  four  liydrogen 
atoms  to  give  the  corresponding  cyanide,  vdiile  di-(3,5>5-trimethylhexyl)amine 
gives  3,5,5-trimetiiylhexylidene-3,5,5-trimsthylhexylamine  vMch,  unlike  most 
aldimines,  appears  as  the  end  product  because  of  its  high  resistance  to 
hydrolysis. 
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1.  ms  (gmiTicw  OP  some  TRiAmLAimms  with  mangambse  niaxua!. 

Introduction 

Oxidations  by  festive  iyrdrated  manganese  dioxide  in  iwutral  media  have  bean 

•j 

recently  reviewed  by  Evans. 

2 

Since  -the  discovery  in  1 94S»  l^y  Ball,  Goodwin  and  Morton,  that  active 
hydrated  manganese  dioxide  oxidises  Vitamin  A,  in  li^t  petroleum  solution  at 
room  temperature,  to  retinene  in  80^  yield,  the  reagent  has  found  considerable 
application  in  the  exploi’ation  of  the  chemistry  of  ijolyenes  and  polyenynes  in  the 
oxidation  of  a,/9-un3aturated  alcohols  generally,  and  in  the  oxidation  of  tertiary 
amines, 

The  reactivity  of  manganese  dioxide,  a  non-stoicheiometric  conpoimd,  depends 
on  its  method  of  preparation  and  on  its  degree  of  hydration.  A  most  reliable  and 
highly  active  material  containing  about  of  water  can  be  prepared?  in  a  finely 
divided  state,  by  the  oxidation  of  manganese  sulphate  with  potassium  peimanganate 
in  aqueous  solution,  1,6,  under  acid  conditions,  the  resultant  slurry  being  washed 
with  water  and  dried  at  100-120°. 

The  dioxide  is  usually  shaken  with  the  substrate  in  a  neutral  organic  solvent, 
such  as  light  petroleum,  benzene,  chloroform  or  ether,  at  room  temperature.  The 
yield  of  product  is  dependent  on  five  main  factors 

(a)  the  ratio  by  weight  of  manganese  dioxide  to  substrate 

(b)  the  nature  of  the  substrate 

(o)  the  nature  of  the  manganese  dioxide 

(d)  the  reaction  time 

(e)  the  solvent, 

A  large  excess  of  manganese  dioxide  is  al^vays  necessary  to  effect  oxidation.  This 
is  sometimes  a  disadvantage,  as  sane  oxidations  yield  products  which  are  very 
strongly  adsorbed  on  to  the  surface  of  the  dioxide. 

Solvents,  such  as  eilcohols,  which  compete  with  the  substrate  for  the  active 
sites  on  the  surface  cannot  be  used.  The  optimum  conditions  for  the  oxidation  of 
some  tertiary  amines  have  been  determined.^ 

DISOlEStOM  OP  BESlIiTS 

As  an  extension  of  the  work  of  Curragh,  Henbest  and  Thomas  on  the  oxidation 
of  tertiary  amines, it  was  of  interest  to  study  the  manganese  dioxide  oxidation 
of  trialkylamines,  A  detailed  study  was  first  carried  out  on  the  tributylamine- 
manganese  dioxide  reaction. 

When  tributylamine  in  cyclohexane  was  shaken  v^ith  a  twenty-five  fold  wei^t 
of  manganese  dioxide  for  18  hr.  at  19°,  infrared  analysis  of  the  material,  eluted 

from  tb.e  dioxide  surface,  indicated  the  presence  of  oxidation  products  by  the  strong 

—1  —1  —1 

absorption  at  1675  ca,  and  1620  cm,  and  the  weak  absorption  at  1565  cm.  The 

crude  product  mixture,  vdiich  was  shes'/n  not  to  contain  tributylamine  N~oxide,  was 
separated  into  neutral  and  basic  fractions  by  extraction  with  dilute  hydrochloric 
acid.  By  quantitative  gas-liquid  chromatography  the  neutral  fraction,  which 


-5- 


absorbed  strongly  at  1675  cm«~  ,  was  found  to  contain  only  N,N-dibutylfonaamide, 
BxiglCHO,  (3^).  Likewise,  the  basic  fraction,  vhich  absorbed  strongly  at  1620  an.”'^ 
and  weakly  at  1655  cm,  ^  and  15^5  ook”\  was  shown  to  contain  dibutylamine,  BUgNH, 
(3^)  and  unreacted  tributyl  amine.  The  yields  of  products  are  based  on  the  amount 
of  starting  material  not  recovered. 

As  the  carbonyl  absorbing  products  in  the  basic  fraction  were  not  detected  by 

gas-liquid  chromatogr^ hy,  under  the  conditions  used  for  the  analysis  of  the  amines, 

it  was  assumed  that  they  had  boiling  points  greater  than  213°,  liie  boiling  point 

of  tributylamine.  Absorption  ohranatography  of  part  of  the  basic  fraction  cn 

deactivated  alunina  showed  that,  in  addition  to  the  dibutylamine,  there  were  at 

least  five  other  oxidation  products  seme  of  which  fluoresced  in  ultraviolet  light. 

The  low  frequency  carbonyl  peaks  at  1620  cm.  and  1565  on.  indicated  that  some 

of  the  unidentified  basic  products  were  unsaturated  amides,  possibly  formed  by  the 

6  *7 

oxidative  oo\:pling  of  two  amine  molecules.  Since  the  work  of  Patton  and  Leonard' 
has  shown  that  oxidative  a, a-  and  a,/9-oouplings  of  amines  can  be  achieved,  three 
possible  basic  structures  can  be  drawn  for  the  unsaturated  amides: - 


Et£H^C-N/ 
BtCB^— nc; 


Et-C=:C3i-N' 


EtCH2'^CH- 


"00— Y 


X  =  H  an<i/or  Bu,  Y  =  H  ani/or  Pi' 


An  attenpt  was  made  to  synthesise  some  of  the  possible  chromophores  responsible 

••1  •'1 

for  absorption  at  1620  cm,  and  1565  cm.  The  manganese  dioxide  oxidation  of 
K,N' -dimethyl-2,2 ’-dipiperidyl,  the  amine  resulting  from  the  oxidative  a,a-ooupling 
of  two  N-methylpiperidine  molecules,^  gave  material  which  showed  broad  bands  at 
1545  cm.  and  1645  cm,  in  the  infrared, 

2 

Similarly  the  manganese  dioxide  oxidation  of  N,N' -dimethyl-A  -tetrahydro- 

anabasine,  the  amine  resulting  from  the  oxidative  a,/?-coupling  of  two  N-methyl- 

7  —1 

piperidine  molecules,  gave  material  which  showed  a  broad  band  at  1585  cm,  in 

the  infrared. 

No  definite  canclusicns  could  be  drawn  from  these  experiments,  however,  as  the 
peaks  were  very  broad  in  cemparison  with  those  shown  by  the  crude  tributylamine 
oxidation  mixture. 

When  the  tributylamine  oxidation  was  repeated  and  ihe  reaction  mixture 
quantitatively  analysed  by  gas-liquid  chrematography,  without  separating  into  basic 
and  neutral  fractions  by  extraction  with  dilute  hydrochloric  acid,  N,N-dibutyl- 
formamide  (hC^) ,  dibutylamine  (39«5?0  and  mreaoted  tributylamine  were  detected.  It 
was  noticed  on  analysing,  however,  that  the  dibutylamine  had  both  a  slightly  longer 
retention  time  and  a  broader  peak  than  that  normally  given.  This  suggested  that  the 
di.butylamine  was  formed  by  the  thermal  decomposition  of  some  Intermediate  on 
passing  tlirough  the  hot  chrematography  ooluan, 

A  more  likely  ejqilanation  of  the  longer  retention  time  and  broader  peak,  is 
that  butyric  acid  and  propionic  acid,  undoubtedly  present  in  the  reaction  mixture. 
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retarded  the  movanent  of  the  dibutylainine  throtigh  ihe  column.  It  was  shown  that 
pure  dibutylamine  mixed  with  a  anal],  quantity  of  propionic  acid,  was  retained 
slightly  longer  on  the  oolumn  than  pxire  dibutylamine  and  gave  a  peak  which  was 
broader  than  the  nonnal  peak.  The  dibutylamine  behaved  noiroally  on  the  ooluim  in 
the  first  experiment  described,  as  the  butyric  aid  propionic  acids  had  been  removed 
during  the  isolation  procedure. 


Heaotion  Mechanism 

The  critical  effect  of  the  moisture  content  on  the  activity  of  manganese 

•) 

dioxide  has  been  mentioned  above,  Evans  and  co-workers  have  found  that  the 
dioxide  cannot  be  octiyletely  dehydrated  without  the  removal  of  oxygen  and  that  an 
excess  moisture  content  of  ca,  4-8??  over  that  ocntained  by  material  of  constant 
weight,  prepared  by  drying  at  120°  under  vacuum,  leads  to  the  highest  activity, 

Henbest  and  Thomas^  have  suggested  that  the  Vater"  is  present  as  hydroxyl 
groups  linked  to  the  manganese  end  that  these  groups  are  re^cnsible  for  the 
production  of  hydroxylated  Intermediates  in  the  oxidation  of  diialltylanilines. 

It  is  now  thought  that  the  properties  of  the  oxidant,  when  suspended  in 
organic  media,  are  consistent  with  the  proposal  that  its  surface  can  act  as  a 
source  of  hydroxyl  radicals  and  that  species  e,g,  (HO)2l'friO,  formed  by  Ihe 
hydration  of  J&iOg,  may  exist  at  the  surface.  The  hydroxyl  radicals  do  not  beccxne 
free,  however,  but  interact  vdth  the  adsorbed  substrate. 

In  accordance  with  the  fact  that  amines  react  at  the  a-position  in  the 

0 

primary  step  of  their  reactions  vri.th  t-butoxy-radioals,  adsorbed  tributylamine 
is  believed  to  cause  the  successive  detachment  of  two  hydraxyl-^^adicals  to  form  the 
adsorbed  amine  radical  (ill)  and  water  and  then  the  carbinolamine,  1 -hydroxybutyl- 
dibutylaraine  (IV),  The  carbinolamine  (IV)  is  a  likely  precursor  of  both  the 
dibutylamine  (V)  and  the  enamine  but-1 -eryldibutylaraine  (Vl), 


Bu2NOH2CH2Et  + 


luisorbed 

— >  Bu^NCHDHgBt  +  H^O 

’(III) 

I  "HCMnO^" 


^u2Nca=caEi7+  HgO  ^ 
(VI) 

’^HOMnO^" 


^U2NCHCIHEtJ7 


I  \ 
OH  OH 

(VJl) 


BUgNCHO 

(VIII) 


\  HOitoO," 

\y  * 
/pHCEtJ? 


^U2NCH(0H)CH2Et J 
(IV) 

Bu^NH  +  /OHCCS^^tJ 

(V)  \ 

^OOOCH2Et_7 

"HOtoO^"  represents  the  dioxide 


V 


surface 


i  2 

Work  on  the  ozcnisation  of  tributylamine  has  shovm  that  the  carbinolamine  (IV), 
in  a  nonpolar  solvent  in  the  presence  of  tributylamine,  can  be  partially 
dehydrated  at  rocm  temperature  to  give  the  enamine  (Vl),  The  enamino  (Vl)  is  a 
likely  precursor  of  the  N,N-dibutylformamide  (VIIl)  as  enamines  are  knovm  to  be 

3 

cleaved  with  manganese  dioxide  to  N-fomyl  confounds.  The  oxidation  of  N,N«* 
dibenzylstyrylamine  (IX)  gave  benzaldebyde  and  N,N-dibenzylfoimamide  (X),^ 

PbCH=CHN(CH2Ph)2  PhCHO  +  0I51N(CH2Ph)2 

(IX)  (X) 


Hydroxylation  is  an  obvious  initial  stage  in  the  enamine  fission  and  vic- 

9  ““ 

glycols  are  known  to  be  cleaved  by  manganese  dioxide.  The  glycol,  1 , 2-dihydrcKy- 
butyldibutylomine  (VU)  is  thus  another  likely  precursor  of  the  formamide  (VIIl). 

The  possibility  of  "active"  oxygen  adsorbed  on  the  dioxide  surface  being 

1 

responsible  for  the  oxidations  was  excluded  by  Evans  and  co-workers, 

10 

In  support  of  the  radical  mechanism  Henbest,  Jones  and  Owen  showed  that  one 
coianercial  sample  of  manganese  dioxide  oxidised  vitamin  A  to  3-hy<i3K5xyretinene  in 
16JS  yield  and  another  gave  a  considerable  proportion  of  3-oxoretinene, 

This  Intter  oxidation  can  be  considered  as  being  analogous  to  the  oxidation 

3 

of  dimethylaniline  to  N-^ethylfoimanilide  as  it  involves  the  conversion  of  an 

allylic  methylene  group  into  an  unsaturated  ketone.  The  fact  that  2,4,6- 

trisubstituted  phenols  can  be  converted  into  stable  phenoxy-mdicals  with 

1 1 

manganese  dioxide,  is  also  consistent  with  a  radical  mechanism. 

The  effect  of  increasing  the  weight  ratio  of  manganese  dioxide  to  tributylamine 
and  the  reaction  time  on  the  yields  of  dibutylamine  (V)  and  the  formarriide  (VTIl) 
is  showi  in  Table  I, 

Table  I 


Weight  ratio 
Mh02/tributylomine 

Reaction  Time 
hr. 

Yield  of 
(V)  5? 

Yield  of 
(VIII) 

25:1 

18 

39.5 

liO 

50:1 

72 

33 

51 

75:1 

25 

32 

Unreacted  tributylamine  was  not  detected  at  the  end  of  the  last  two  reactions 
in  the  Table,  The  results  indicate  that  more  dehydration  of  the  carbinolamine  (iv) 
to  the  enamine  (Vl)  occurred  using  m  50:1  weight  ratio  of  manganese  dioxide  to 
tributylamine  than  with  a  25:1  ratio. 

Table  II  shows  that  the  addition  of  small  quantities  of  either  diohlororaethane 
or  isopropanol  to  the  solvent,  to  increase  the  eluting  power,  makes  no  difference 
to  the  yields  of  products. 
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Tablell 


Solvent 


cyclohexane 

cyclohexane  + 
dichloromethane 

cyclohexane  +  3^ 
isopropanol 


Yield  of 

(y)  i 

Yield  of 
(VIII) 

39.5 

41 

.  39 

40 

39 

40 

Propionaldehyde  is  tjndoubtediy  formed  with  the  N,N-dibutylformamide  (VIIl) 
during  the  oxidation  of  tributylamine  but  probably'  undergoes  further  oxidation  to 
propionic  acid. 

To  determine  whether  or  not  the  propionic  acid  was  affecting  the  course  of 
reaction,  the  oxidation  was  carried  out  in  the  presence  of  propionic  acid  (mole 
ratio  of  tributylamine  to  propionic  acid  1:0*56).  On  working  up  the  reaction 
mixture  by  separating  into  neutral  and  basic  fractions  using  dilute  hydrochloric 
acid,  the  formamide  (VIIl)  (33»5%),  dibutylamine  (V)  (53fo)  and  unreacted  tributy¬ 
lamine  were  detected  indicating  that  the  propionic  acid  aided  the  cleavage  of  the 
carbinolamine  (IV) .  into  dibutylamine  (V)  and  butyraldehyde,  to  a  small  extent. 
Technical  difficulties  prevented  estimations  being  made  of  the  aldehydes  euid 
acids  formed  during  the  oxidation  of  tributylamine. 

On  oxidation  for  25hrs,  at  80°,  tributylamine  gave  a  high  yield  of  the 
formamide  (VIll).  This  indicated  that  the  carbinolamine  (IV)  had  been  converted 
into  the  enaraine  (Vl)  to  a  large  extent  during  reaction.  Table  III  shows  the 
results  for  oxidation  an  oyoi.ohexana  and  bennene. 


Table  III 


Solvent 


Yield  of 

(ill 


Yield  of 
(VIII)'  ^ 


cyclohexane  1 3 

benzene  10 


64.5 

73.5 


At  the  end  of  each  reaction  only  a  trace  of  tributylamine  was  detected. 

The  yields  of  dialkylformaraides  frem  the  oxidations  of  a  series  of  tri-n- 
alkylamines  in  cyclohexane  at  19°  are  listed  in  Table  IV,  A  25:1  weight  ratio  of 
manganese  dioxide  to  amine  was  used  in  every  case  except  trioctylemine,  where  a 
12.5:1  ratio  was  used. 


Table  IV 


AnitK? 

Yield  of  N,N-dialkyl- 

formamide  % 

R 

=  ^2^5 

<.  1.0 

R 

=  N-C3H^ 

27.5 

R 

=  N^4H9 

40.0 

R 

48.2 

R 

54.0 

The  yields  of  fommide  thias  improve  as  the  length  of  chain  to  be  severed 
increases;  this  is  probably  due  to  the  stronger  adsoiption  ea)d/or  further 
reaction  of  the  lower  molecular  weight  amides  at  the  surface  of  the  dioxide. 

Thus,  on  shaking  N-foitnylpiperidine,  a  C^amide,  in  light  petroleum  with  a 
fifty  fold  weight  of  manganese  dioxide  for  15  min.,  Curra^  ^  fo'jnd  that  only 
26.5^  of  the  amide  could  be  recovered  from  the  dioxide  surface  by  elution  with 
light  petroleum,  methanol  and  water, 

Triisobutylamine  K  in  cyclohexane  tos  oxidised  at  19°  in 

the  same  way  as  tributylamine ,  N,N-diisobutylformamide  and  diisobutylamine  being 
obtained  in  approximately  equimolar  quantity  using  a  25:1  weight  ratio  to  dioxide 
to  amine, 

N,N,NjN'-Tetrabutyl-1 ,2-ethylenediamine,  BUgNCHgCIIgNBUg ,  however,  gave  two 
unidentified  neutral  products  in  addition  to  the  expected  N,N-dibutylf ormamide, 
when,  oxidised  in  cyclohexane  at  19°  using  a  25:1  weight  ratio  of  dioxide  to  amine. 
This  indicated  that  the  methylene  groups,  a-to  the  nitrogen  atoms,  are  attacked 
indiscriminately  in  aliphatic  diamines,  (cf.  the  oxidation  of  aromatic  diamines”' 

To  determine  the  affect  of  a  bulky  t-buty 1-group  close  to  the  possible  sites 
of  oxidation,  the  oxidation  of  N,N-dimethyl-t-butylamine  (C!H^)^CN(CH^)2  was 
studied,  Patton  has  shown  that  this  amine  is  attacked  in  the  usual  fashion  by 
t-butoxy-radicals  to  give  a  dimer, ^ 

2(CB^)^CE{CR^)^  +  2(C!Hj)^C0  — ^  (CH^)^CH(CIi^)  GH2CH2(CH^)N(CH^)^  + 

2(CH^)^C0H 

If  manganese  dioxide  can  be  regarded  as  a  very  bulky  oxidant,  in  comparison 
with  a  t-butoxy-radical,  then  sterio  hindrance  between  it  end  the  t-bul3d.-group  of 
the  amine  mi^t  alter  the  course  of  or  prevent  oxidation.  When  the  amine,  in  light 
petroleum,  was  treated  with  a  fifty-fold  weight  of  manganese-dioxide  for  I8  hr,  at 
19°,  N-methyl-t-butylamine  (l2^)  was  obtained,  showing  that  oxidation  had  taken 
place  possibly  by  the  following  route :- 

(CH^)^CN(CH^)2  (CH^)^CN(C!H^)  CHgOH  ->  (GH^)jClNHCHj  +  CE^O. 

As  unreacted  amine  (3^)  was  detected  by  quantitative  gas-liquid  chromato¬ 
graphy  when  a  twcnty-five-fold  weight  of  dioxide  was  used,  the  above  yield  of 
secoddary  amine  was  calculated  assimiing  all  the  starting  material  to  have  reacted. 
The  N-methyl-t-butylamine  was  estimated  by  measurement  of  the  optical  density  of 
the  blue  quinone,  formed  by  treating  the  reaiction  mixture  with  a  mixtiore  (molar 
ratio  1:10)  of  2;3“dichloronaphthaquinone  and  acetaldehyde  in  benzene, 

Theabsence  of  carbonyl  absorption  in  the  infrared  spectrum  of  the  reaction 
mixture  indicated  that  the  amide,  N-raethyl-N-t-butylf ormamide  (CH^)^CN(C!H,)CHO  was 
not  present.  It  is  possible  that  the  amide  was  formed,  however,  but  due  to  strong 
adsorption  and/ or  further  reaction  on  the  dioxide  surface  it  was  not  detected, 
N-aethyl-N-t-buty  If  ormamide  is  of  the  same  molecular  complexity  as  N-foniylpiperi- 
dine,  an  amide  which  Curragh  showed  to  be  strongly  adsorbed  on  manganese  dioxide, 
Thus  the  results  of  the  N,N-dimethyl-t-butylamine  oxidation  do  not  indicate  the 
operation  of  a  sterio  affect. 


-10- 


Curragh  has  oxidised  N-methylpiperidine, 

N-formylpiperidine,  Zai^>l'lCH0,  in  7^  yield  using,  a  70:1  weight  ratio  of 
dioxide  to  amine,  shm'/ing  that  a  dehydration  step  is  not  necessary  for  the 
production  of  an  N-f  omyl  group  from  an  N-methyl  group  in  a  saturated  tertiary 

amine, 

NCH^  /CH^5:iiWCH0 
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SECTION  II 


The  Oxidation  of  Tributylamine  with  Oxygen  at  100 


o 


Introduction 

-  .1  .2 

Cullis  and  Tfaddingtcn  have  shown  that  trimethylamine  and  triethylandne  are 

oxidised  in  the  gas  jiiase  at  1 65-215°*  Triethylamine  gives  ethylamine, 

acetaldehyde  and  a  small  amount  of  diethylamine ;  the  primary  amine  is  suggested  to 

arise  largely  from  intramolecular  deconposit  ion  of  a  peroxy-radical: 


EtNH  +  2GH^CH0 


EtJIH  +  NEt^  EtNHg  +  Bt^NCHSH^, 

Trimethylamine  gives  dimethylamine  and  f  ormaldehydis  as  main  products. 


Biscusaion  of  results 


When  pure  oxygen  was  passed  for  36  hrs.  in  the  absence  of  light,  through 
tributylamine  at  100°  containing  a  catalytic  amount  of  ditertiarybutyl  peroxide 
aS  a  radical  initiator  and  the  reaction  mixture  treated  with  dilute  hydrochloric 
acid,  N,N-dibutylfomamide  (5«^)>  dibutylemine  (17»5^)  and  other  unidentified 
products  were  obtained.  61,552  of  the  tributylamine  remained  unreacted.  The 
formation  of  the  foimami-de  end  secondary  amine  may  be  explained  by  the  following 
mechanism:  - 


(0113)30000(011^)3 

2(003)300- 

Bu2NCH2CH2Et 

+  ((313)300- 

Bu.NCHCH„Bt  + 

(CH3)3C0H 

Bu„NCHCH„Et 

+ 

0 

Bu2NCHCH2Et 

io* 

BU;,NCKCH„Et 

Ho. 

+  Bu2NCH2CK2Et 

- > 

Bu2NGHnH2Eb 

l)0H 

BtuNCHCH,_,-Et 

Bu2NCHCH2Et 

OOH 

Bu2NCHCH2Et  + 

\)* 

-OH 

A. 


B. 


C. 


D. 


E. 


BUgNpHCHgE-t: 

0> 


Bu^N* 


BUgN*  +  Bu2NCH2CH2Et  — > 

euic/or 

Bu2NCHCH2Et  +  BU2NCH2CH2®* 

Bu„NCHCH„Et 


BU2NH 


IH 


BUgNCH  =  OH  Et 
BUgNCH  =  CH  Et 


hVh„o, 


2:^ 


0HCai2Et 


+  BU2BCI-iC!H2Et 


BUgNCKCHgEt  +  Bu2NCHCH2Et 

in 

BUgNCH  =  CH  Et  +  H2O 


BU2NH  +  OHCCH2®* 


BUgKCHO 


P. 

G. 

H. 

I. 

J. 

K. 


Reactions  A  and  B  are  analogous  to  those  suggested  by  Henbest  and  Patton^for 
the  production  of  amine-radicals  unambiguously  with  t-butoxy-radicals,  Birect 
evidence  for  the  production  of  the  radical  Bu2NCHCH2Et  was  provided  by  Raley,  and 


-12- 


Seubold  who  found  that  ditetiarybutyl  peroxide  thermally  deccsnposed  in 
tributylamine  gave  4j5-(dibutylamino)  octane,^ 

(CH^)^COOC(CH^)^  — >  2(ai^)^C0 

BUgNCHCJHgEt  +  (CH^)^CaH 

Bu_NC!HCH„Et 
2  ,  2 

BUgNCHaigEt 

The  reaction  sequence  B.C.D,  is  analogous  to  the  recognised  process  of  hydrocarbon^ 

0 

or  ether  autoxidation. 

Reaction  E  may  be  considered  to  be  analogous  to  the  mechanism  of  the  thermal 
decomposition  of  cumene  hy<3roperoxide  (see  below). 

The  reaction  sequence  E,G-,H  is  analogous  to  that  suggested  as  part  of  the 

Q 

mechanism  for  the  reaction  of  ozonised  oxygen  with  ethers.^ 

c 

Reaction  J.  has  already  been  discussed.''^ 

Tie  formation  of  the  formamide  via  the  enamine  (reaction  K)  is  tentatively 
suggested  by  analogy  with  the  mechanism  proposed  for  its  formation  from 
tributylamine  with  solid  (hydrated)  manganese  dioxide  (see  above)  and  with 
ozonised  oxygen, 

It  is  of  interest  to  note  that  Smith  and  Swan  have  obtained  lI,N-dimethylf  orm- 

araide  by  the  irradiation  of  trSmethylomine  with  y-radiation.  ^  The  fact  that 

N,N,N ’,N'-tetramathylethylenediamine /(’CH^)2NCH2_72  was  produced  in  the  absence  of 

.oxygen  suggests  that  the  radical  (CH,)_NCSL*  may  have  been  involved  in  the 

^  6  ^ 

production  of  the  N,N-dimethylforroamide. 


BUgNCUgCHgEt 


(ai^)^co* 

SBUgN^HCHgEt 
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SECTION  III 


IKE  OXimTION  0?  THTOUrmtlgHB  MD  OTHER  MEMS  WITH 
CU!v®5E  HXDHOrSROmiE 


Intro  duotian 

Hydroperoxides  EOCH  eg.  E=t-butyl,  cmyl,  are  among  the  most  easily 
available  organic  derivatives  of  hydrogen  peroxide  and  their  ability  to  initiate 
polymerisation  and  autoxidation  processes  is  clear  evidence  of  their  ability  to 
split  into  free  radicals.  '  ^ 

Mien  heated  at  100°  in  certain  solvents,  eg. ,  acetic  or  benzoic  acids, 

2 

or  alone  ,  cumene  hydroperoxide  gives  high  yields  of  di-a,a-dimethylbenzyl 
peroxide,  PhC(CH2)200C(CH2)2Ph,  seme  acetophenone,  GHjCOPh^  and  a,a-dimethyl- 
benzyladcohol,  PhG(CH^)20H.  Oxygen  is  also  evolved.  The  a^a-dimetlylbenzyl 
peroxide  is  probably  formed  by  the' dlmerisation  of  two  a ,  a-dimettylbenzyloxy- 
radicals, 


2  PhC(CH^)20* 


PhC(CHj)2  00C(CIi^)2Ph. 


As  Kharasch  and  co-vrorkers*^  have  shoirm  that  cumene  hydroperoxide,  themalOy 
decomposed  in  decane  at  12*0°,  gives  methane  (3C^),  acetophenone  (20^)  and  a,a- 
dimethylbenzyl  alcohol  (52*?^),  it  is  evident  that  a  considerable  breakdovm  of  the 
intermediate  cunyloxy-radioals  can  occur. 


PhC(,0H^)20* 


PhCOCH^  +  CH^. 


PhC(CHj)200H  +  Clij.  Ph3(CH^)200*  + 

In.  cumene,  PhCH(CH^)2,  at  128°  thermal  decomposition  of  cumene  iydroperoxide 
gave  methane  (32^),  acetophenone  (3C90  a,a-dimethylbenzyl  alcohol  (90^);  ^ 
these  results  indicate  attack  of  radicals  on  the  cumene, 

Capp  and  Hawkins  first  investigated  the  thermal  decomposition  of  cumene 
hydroperoxide  in  a  tertiary  amine.^  With  triethylamine  at  110-120°  conplete 
deconposition  occurred  in  0*5  hr.  to  form  o,a-dimethylbenzyl  alcohol  in  889S  yield. 
However,  no  nitrogenous  product  was  identified. 

It  is  of  interest  to  note  that  de  la  Mare  has  recently  published  a  paper^ 
which  includes  the  tripropylaroine-tertiarybutyl  hydroperoxide  reaction.  At  92° 
a  3:1  molar  mixture  of  the  amine  and  peroxide  yielded  t-butanol  (80^)  and 
dipropylamine  (3^)  as  the  main  nitrogenous  product.  Two  higher  boiling 
fractions  of  the  reaction  mixture,  which  had  empirical  fonnulae  ^  ^20^  ^ 
and  0^2  ^26®  ^  ’  were  probably  PiiJHCH(OBu*)Et  and  Pr2NGH(0Bu*)Et  respectively. 

By  analogy  with  the  well-known  hydrogen  peroxide-tertiary  amine  reaction, 
the  triethylamine-cumene  hydroperoxide  cmd  the  tripropylamine-tertiarybutyl 
hydroperoxide  reactions  mentioned  above  might  have  been  expected  to  yield 
triethylamine  N-oxide  and  tripropylamine  N-oxide  respectively.  It  is  possible 
that  the  N-oxides  were  formed  but  due  to  the  high  reaction  temperatures,  they 
may  have  been  thermally  decomposed.  ^ 

Cope  and  Hiok-Huang  Lee  have  shewn  that  trialkylamine  N-oxidea,  -  0 

8g.  E  =  theiraally  decomposed  at  100-150°  to  form 


NjN-dialkylhydroxylaraines  and  olefines  containing  the  s«me  nimber  of  carbon  atoms 
as  the  side  chain  removed.^ 

A  study  of  the  tributylamine  -  cumene  hydroperoxide  reaction  at  80°  has 
consequently  been  carried  out. 

DISCbSSION  OF  RESULTS 

When  cumene  hydroperoxide  was  thermally  decomposed  at  80°,  in  tributy- 
lamine,  tributylamine  N-oxide  and  dibutylamine  were  obtained.  The  details  of  the 
reactions  carried  out  are  summarized  in  the  follov/ing  table: - 


Products 


"a^"  h 
g.,^  mole° 

PhC(GH,)-0CH 

a  ^  ‘  b 
g. ,  mole 

Reaction 
time  (hr) 

Unreaoted 

Bu,N 

T  b 

g. ,  mole 

(+)T-T“ 

Bu  N  -  0 

T  b 

g, ,  mole 

Bu  NH 

a  n  b 
g. ,  mole 

3.94*" 

1.56^ 

24 

2.61^ 

0.246°' 

0.19^ 

0.0213^ 

0.0103^ 

o;oi4i^ 

0.00132^ 

0.00147^ 

18° 

20.5^ 

2.02 

3.06 

9 

0.80 

0.2t25 

0.0109 

0.0201 

0. 00432 

0,00212 

32 

3.64 

1.44 

4 

2.38 

0.38 

0.198 

0.0197 

0.00947 

0.0129 

0.00191 

0.00154 

28 

22.5 

a, a-Dimethylbenzyl  alcohol  (l.15g. ,  0.008A  mole,  62. S^)  was  detected  in  the 
reaction  mixture  of  experiment  (l).  The  results  of  experiments  (l)  and  (5)  indicate 
that  a  short  reaction  time  favours  the  formation  of  N-oxide.  Theimal  decomposition 
of  the  N-oxide  probably  occured  during  the  24-hr.  reaction  time  used  in  experiment 
(l).  Changing  the  ratio  of  amine  to  peroxide  made  only  a  small  difference  in  the 
yield  of  N-oxide  (experiment  (2). 

In  an  attenpt  to  obtain  a  higher  yield  of  N-oxide  in  the  tertiary  amine  - 
cumene  hydroperoxide  reaction,  the  oxidation  of  N-ethylpiperidine ,  a  stronger 
nucleophile  than  tributylamine,  was  carried  out.  Due  to  vo'’atility  an  accurate 
estimation  of  the  amount  of  vinreacted  N-ethylpiperidine  woiild  not  have  been 
possible  using  a  2:1  molar  ratio  of  amine  to  peroxide.  By  using  an  excess  of 
cumene  hydroperoxide,  it  was  hoped  that  all  of  the  amine  would  react,  Wien 
N-ethylpiperidine  ( 0,005  mole)  and  cumene  hydroperoxide  ( 0,020  mole)  were  mixed 
and  heated  to  80°,  the  reaction  mixture  rapidly  turned  dark  red-brown  in  colour 
indicating  that  considerable  secondary  reactions  had  taken  place.  However,  by 
reacting  N-ethylpiperidine  ( 0,005  mole)  with  cumene  hydroperoxide  ( 0.020  mole)  at 
room  temperature  for  24-hrs.  a  colourless  reaction  mixture  was  obtained  from  which 
N-ethylpiperidine  N-oxide  (29jS)  was  isolated.  The  yield  is  based  on  the  amount  of 
starting  material  used. 

By  heating  cumene  hydroperoxide  (0.0076  mole)  in  triethylenediamine, 

(0.0112  mole)  at  80°  for  A-hrs. ,  a,a-dimethylbenzyl  alcohol  (lOO^) 
was  fomned.  The  fate  of  the  amine  was  not  determined. 
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Die  following  mechanism  for  the  oxidation  of  tributylamine  with  cumene 
hydroperoxide  may  be  considered.  (R  =  oumyl). 


(a)  Poimation  of  the  N-oxide 

A 

->  0  —  0— R  ->  B^N;  CH  +  OR 


(+)  (-) 

Bu^N  -  0  +  HOR 


(b)  Formation  of  the  secondary  amine. 


ROCH  — > 

RO*  +  .CH 

B. 

BUgNCHgCHgEt  -1- 

RO*  -T> 

BUgNCHCHgBt  +  EOH 

C. 

BUgNGHgCHgEt  + 

•OH  — ^ 

BUgMHCHgBt  +  HgO 

D. 

Bia2NCHCH2Et  + 

*(H 

Bu-NCIHDH„Bt 

2  \  2 

'OH 

B. 

Bu2NqHCH2Et 

Bu^NCII  =  CHEt  +  HgO 

P. 

BUgNCH  =  CHEt 


H'^’/HgO 


BUgNH  +  OFICCHgEt 


XV  ^  (-)  (-)  (+)  (-) 

Bu^:  — 5>  0^^-H  ->  Bu^  ;  OR  +  OH  ->  Bu^N*  +  ‘OR  +  OH 

^  (f)  (-)  W  (-) 

Bu^*  +  OH  - ^  BtuN  -  CHCHgEt  +  H^O 

Bu^  -  CHCHgEt 

Bu2NCT]DH2Et  +  ROCH  ^  Bu^NCilCHgEt  +  EO* 

(H 

RO*  +  ROOH  - >  EOH  +  ECO* 


EO*  +  ROOH  - >  EOH  +  ECO* 

BUgKCHgCH^Et  +  ROO*  — Bu^HCHCHgEt  +  ROOH 

followed  by  reactions  E,  P  and  G. 


or  (iii) 


BUgNCHCI^Et  +  ROO* 
BUgNCHOHgEt  - ; 

SoR 

BUgNCHCHgEt  ^ 

BUgN*  +  BU2NC!H2CH2Et 


BUgNCHCHgEt 

!)0R 

Bu„MCHiCH„Et  +  RO* 

'i*  ' 

BUgN*  +  OHCXdHgEt 
BUgNH  +  BUgMCHCHgEt 


Reaction  A  is  a^ialogous  to  the  mechanism  formulated  by  Walling  for  the 

production  of  tertiary  amine  N-oxides  from  tertiary  amines  and  hydrogen  peroxide. 

Reaction  B  has  been  discussed  above  in  the  introduction  and  the  reaction 

sequence  C  to  G  in  Section  H  and  in  our  report  of  last  year. 

Reaction  H,  involving  the  formation  of  the  aminium  radical  Bu.N*  ,  is 

8  ^ 

analogous  to  that  suggested  by  Homer  for  the  first  step  of  the  oxidation  of 
N,N-dimethylaniline  with  benzoyl  peroxide  in  chloroform  solution  to  form 
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N-4iiethylaniline,  formaldehyde  and  other  products.  The  fomation  of  aminium  radicals 

is  by  no  means  a  nevY  concept.  In  the  case  of  sane  aiyl  and  alkj''!  aryl  amines, 

9 

stable  aminium  salts  have  been  prq)ared» 

For  the  tripropylamine— tertiary  butyl  iy^operoxide  reaction  (mentioned  in 
the  introduction)  de  la  Mare  has  suggested  a  similar  reaction  sequence  to  HIJ 
for  the  foimation  of  the  oarbinolamine  IT-(l-hydroxypropyl) -dipropylamine, 
Pr2NCH(0B)Et,  from  which  he  suggests  dipi-opylamine ,  one  of  the  nitrogenous  products 
of  the  oxidation,  may  be  formed.  As  a  result  of  electron  spin  resonance  measure¬ 
ments,  he  has  further  suggested  that  chain  propagation  may  occur  with  the  species 
PrgNO* ,  which  presumably  arises  to  some  extent  from  the  dipropylamine  foimed  in  the 
reaction. 

Reaction  J,  may  be  important  as  radical  displacement  on  the  0-0  bond  of 

10 

benaoyl  peroxide  h  s  recently  received  strong  experimental  support. 

CH,CHOCH„GH,  +  BzO  -  OBz  —>  CH,CH(0Bz)0CHpCH  +  'OBz 

Reactions  K  and  L  may  also  be  inportant  as  de  la  Mare  has  used  2,6-ditert- 
iarybutyl-A-metliylphenol  to  capture  tertiarybutylperoxy-radicals  formed  during  the 
tripropylemine  -  tertiarybutyl  hydroperoxide  reaction. 

The  reaction  sequence  M,N,0,P,  with  R  =  H  has  already  been  discussed  in 
Section  II.  Reaction  N  may  be  considered  to  be  analogous  to  the  thermal 

.11 

decomposition  of  di-<i,a~dim©thylbenzyl  peroxide  into  ajO-dimethylbenzyloaiy-radioals, 

PhC(C!Il^)200C(C5i^)2Ph  2  PhC(CH^)20* 
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EXPERIimCAL  SECTION 


Quentitative  analyses  of  amines  and  amides  by  gas-liquid  chromatography  were 
carried  using  the  method  of  internal  standardisation  of  a  Griffin  and  George 
”V,P.C,  Apparatus”,  Mk,Il8L,  A  linear  relationship  between  peak  area  and  concentration 
was  found  over  the  range  of  concentrations  used.  The  peak  areas  were  determined 
using  a  planimeter.  A  6  ft.  colum  of  by  weight  of  silicone  oil  on  oelite 
(80-120  mesh)  was  used  with  nitrogen  as  carrier  gas  (flowrate  Ca.  1:8  1,  per  hr.). 


Abbreviations: - 

G.L.C, 

=  gas-liquid  chromatography 

i.s. 

=  internal  standard 

r.  t. 

=  retention  time 

Tributylamine  N-oxide  was  sepeirated  from  mixtures  of  tributylamine, 
dibutylamine,  N,N-dibutylf  ormamide  by  extracting  the  cyclohexane  solutions  of  the 
mixtures  with  water. 

The  yields  of  products  are  based  on  the  ainount  of  startixig  material  not 
recovered. 

Light  petroleum  refers  to  the  fraction  boiling  between  40°  and  60°, 

Solutions  were  concentrated  by  rotary  evaporation  at  20^14-  num,  unless 
otherwise  stated. 

Manganese  dioxide 

The  manganese  dioxide  used  was  a  commercial  sanple  from  Messrs,  J.  Woolley 
Sons  and  Co.  Ltd. ,  who  state  that  it  was  prepared  by  mixing  solutions  of  a  bivalent 
manganese  salt  and  a  permanganate,  i.e, ,  under  acid  conditions. 

General  Oxidation  Procedure  using  manganese  dioxide 

For  oxidations  at  roan  temperature  (ca.19°)>  the  amine,  in  a  solvent,  was 
shaken  with  manganese  dioxide  in  a  stoppered  flask.  For  oxidations  at  80°,  the 
amine,  in  the  refluxing  solvent,  was  stirred  with  manganese  dioxide. 

After  reaction  the  manganese  dioxide  was  filtered  off  and  washed  with  a  3:1 
mixture  of  dichloromethane  and  methanol.  The  solvent  was  then  removed  either  by 
distillation  at  atmospheric  pressure  or  under  reduced  pressure  by  rotary  evaporatioi 
at  20°/l4  inn. 

Oxidation  of  tributylamine 

(i)  Tributylamine  (2,00g. )  in  cyclohexane  (250  ml.)  was  shaken  v^ith  manganese 

dioxide  (50  g. )  for  18  lir.  at  19°.  The  dioxide  was  filtered  off  the  washed  with  a 

3:1  mixture  of  dichloromethane  and  methanol  (400  ml).  The  filtrate  wsis  concentrated 

to  about  5  ml.  The  infrared  spectrum  of  the  resulting  solution  indicated  the 

"1  "“I 

presence  of  oxidation  products  by  the  strong  absorption  at  1675  cm.  and  l620  cm. 

— i 

and  the  weak  absorption  at  1565  cm. 

When  the  solution,  in  cyclohexane  (iOO  ml),  was  extracted  with  water  and  the 
aqueous  extract  treated  with  cold  saturated  aqueous  picric  acid,  no  tributylamine 
N-oxide  picrate  was  formed. 
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The  cyclohexane  solution  was  extracted  with  0,7^  hydrochloric  ausid  (iOO  ml) 

and  vmter  (lOO  ml).  It  was  then  washed  with  dilute  sodium  bisulphite  solution  and 

vrater,  to  remove  aldehydes,  dried  (ilgSO,  )  and  concentrated  to  about  5inl.  The 

—1  —1  —i 

resulting  solution  absorbed  at  1675  cm  but  not  at  l620  cm  and  1565  cm  in  the 
infrared.  On  analysis  by  G-.L.C. ,  N,N-dibutylf  orraaraide  (0.,lf4Sg. ,  36.  i)??)  was  detected. 
The  aqueous  acidic  extract  was  basified  with  ice-cold  concentrated  sodium 
hydroxide  solution  and  extracted  with  ether  (4  x  50  ml.).  The  combined  ether  extracts 
were  dried  (MgSO^)  and  concentrated  to  about  5  ml,  by  distillation  at  atmospheric 
pressure.  To  reduce  volatility  cyclohexane  (5  ml.)  was  added  and  the  solution 
again  concentrated  to  about  5  ml,  by  distillation  at  atmospheric  pressure.  This 

A  ^A  ^A 

solution  absorbed  strongly  at  l620  cm  and  weakly  at  1565  cam  and  1655  can  in  the 
infrared.  On  analysis  by  G.L.C. ,  only  dibutylamine  (0.382g, ,  31tl%)  and  unreacted 
tributylsmine  (0.554g.)  were  detected. 

Isolation  and  identification  of  products. 

The  formamide,  =  1.4430,  v/as  isolated  from  the  remainder  of  the  neutral 

fraction  by  distillation  at  0.1  m.m.  and  identified  by  comparison  of  its  infrared 
spectrum  vd.th  that  of  the  authentic  compound.  Die  formamide  exhibited  a  strong  band 
at  1675  cT.r'’.  (Found:  0,68.4;  H,12.1 ;  H,8.9;  Calc,  for  C^H^^NO:  0,68.7;  H,12.2; 
N,8.952). 

The  remainder  of  the  basic  fraction  was  divided  into  two  parts.  One  part  wras 
treated  with  phenylisothiocyanate  (l  ml.)  and  refluxed  for  15  min.  lihe  phenylthiourea 
of  dibutylamine,  CgH^NHCSNBUg,  formed  was  isolated  by  chromatography  on  deactivated 
alumina  (lOOg.)  -  the  derivative  being  eluted  by  50fo  benzene  in  light  petroleum. 
Crystallisation  from  aqueous  ethanol  gave  material  m,p.  and  mixed  m,,p,  83°. 

The  other  part  was  chromatographed  on  deactivated  altunina  (50g.).  Elution 
with  benzene  removed  the  tributylomino  and  dibutylamine.  Elution  with  dichloromethane 
showed  the  presence  of  at  least  five  other  products  some  of  which  fluoresced  in 
ultraviolet  light. 

G.L.C,  Analysis 

W,N-dibutylfoi'mamide  estinwition: 

Column  temperature  125°. 

N,N-dibutylf  ormamide  r.t,  20  min, 

N,N-dibutylacetamide  (  i.  s, ) ,  r,  t,  28  min. 

Amine  estimation: 

Colimin  temperature  100°. 

Decalin  ( i.  s. ) ,  r.  t.  11  min, 

Tributylamine  r.  t.  24  min, 

Dibutylamine  r.  t.  6  min, 

(ii)  Tributylsmine  (2,08g. )  in  cyclohexane  (25O  ml.)  was  shaken  with  manganese 
dioxide  (50  g. )  for  I8  hr.  at  19°,  The  dioxide  ivas  filtered  off  arid  washed  with  a 
3:1  mixture  of  dichloromethane  and  methanol  (40O  ml.)  The  filtrate  was  concentrated 
to  about  5  ml. 

On  analysis  by  G.L.C.  as  in  experiment  (i),  Njli-dibutylfomamide  (0.47  g, , 
40.095),  dibutylamine  (0.382g, ,  39.55^)  and  unreaoted  tributylsmine  (0.68g.)  vrere 
detected  in  the  solution.  The  dibutylamine  had  both  a  slightly  longer  r.t,  and  a 
broader  peak  than  that  normally  given. 
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(iii)  Tributylamine  (0.99g«)  in  cyclohexane  (250  ml.)  was  shaken  with  manganese 
dioxide  (50g.)  for  72  hr,  at  19°.  The  dioxide  was  filtered  off  and  washed  with  a 
5!1  mixture  of  dichloromethane  and  methanol  (2(JD0  ml.)  The  filtrate  v/as  concentrated 
to  about  5  ml. 

On  analysis  by  G.L.G.  as  in  experiment  (i),  N,N-dibutylf  ormamide  (o.426g, , 

51. C^)  and  dibutylamine  (0,231g. ,  33.0^)  v/ere  detected  in  the  solution.  Unreacted 
tributylamine  was  not  detected. 

(iv)  Tributylamine  (o,98g. )  in  cyclohexane  (300  ml.)  was  shaken  witlx  manganese 
dioxide  (75g.)  for  48  hr.  at  19°.  The  dioxide  was  filtered  off  end  washed  with  a 

3:1  mixture  of  dichloromethane  and  methanol  (500  ml,).  Tlxe  filtrate  was  ooncantrated 
to  about  5  ml. 

On  'analysis  by  G.L.C,  as  in  experiment  (i),  N,N-dibuty  If  ormamide  (0.266g. , 

32. C^)  and  dibutylamine  (0. 172g. ,  25.0^)  v/ere  detected  in  the  solution.  Unreacted 
tributylamine  was  not  detected, 

(v)  Tributylamine  (l,97g. )  in  cyclohexane,  containining  3^  of  dichloromethane 
(250  ml.)  v/as  shalcen  ¥;ith  manganese  dioxide  (50g. )  for  I8  hr.  at  19°.  The  dioxide 
v/as  filtered  off  and  v/ashed  with  a  3:1  mixture  of  dichloromethane  and  methanol  (400ml. 
The  filtrate  was  concent  v»ated  to  about  5  ml. 

On  analysis  by  G.L.C.  as  in  experiment  (i),  N,N-dibuty  If  ormamide  (0.505g.) 
40.4?2),  dibutylamine  (0.4O3g. ,  39.29?)  and  unreacted  tributylamine  (0,4-98g, )  were 
detected  in  the  solution. 

(vi)  Tributylamine  (l,98g.)  in  cyclohexane,  containing  of  isopropanol  (25O  ml.) 
was  shaken  with  manganese  dioxide  (50g.)  for  I8  hr,  at  19°.  Tie  dioxide  was  filtei’ed 
off  and  washed  with  a  3:1  mixture  of  dichloromethane  and  methanol  (4-00  ml,).  The 
filtrate  was  concentrated  to  about  5  ml. 

On  analysis  by  G.L.C.  as  in  experiment  (i),  N,N-dibutylf ormamide  (0.392g. , 
40,0^),  dibutylamine  (0.314g. >  39.2^)  and  unreacted  tributylamine  were  detected  in  th 
solution. 

(vii)  Tributylamine  (2.00g. )  in  cyclohexane  (250ml.),  containing  propionic  acid 
(0,4-5g. ),  was  shaken  with  manganese  dioxide  (50g. )  for  I8  hr.  at  19°.  The  dioxide 
was  filtered  off  and  washed  with  a  3:1  mixture  of  dichloromethane  and  methanol  (4-OOml' 
The  filtrate  was  concentrated  to  about  5ml. ,  and  the  resulting  solution,  separated 
into  neutral  and  basic  fractions  by  extraction  with  dilute  hydrochloric  acid  as  in 
experiment  (i). 

On  analysis  of  each  fraction  by  G.L.O, ,  as  in  experiment  (i),  W,N-dibutylfoiii 
amide  (0.372g. ,  33.5/^),  dibutylamine  (0,4S8g«,  53.45?)  and  unreacted  tributylamine 
(0.688g,)  were  detected. 

(viii)  Tributylamine  (2,00g. )  in  benzene  (250ml.)  was  stirred  with  manganese  dioxide 
(50g. )  for  2'g-hr.  at  80°.  The  dioxide  was  filtered  off  and  washed  with  a  3:1  mixture 
of  dichloromethane  and  methanol  (4OO  ml,).  The  filtrate  was  concentrated  to  about 
5ml.,  and  the  resulting  solution  separated  into  neutral  and  basic  fractions  by 
extraction  with  dilute  hydrochloric  acid  as  in  experiment  (i). 

On  analysis  of  each  fraction  by  G.L.C,,  as  in  experiment  (i), 

N,N-dibutylf ormamide  (l.23g. ,  73.55?),  dibutylamine  (0.l4g. ,  10,C9?),  and  unreaoted 
tributylamine  (trace)  were  detected, 

(ix)  Tributylamine  (2.00g. )  in  cyclohexane  (250ml.)  v/as  stirred  v/ith  manganese 
dioxide  (50g. )  for  2'|{Tr.  at  80°,  The.  dicodde  v/as  filtered  off  and  washed  with  a  3:1 
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mixture  of  diohloromethane  and  methanol  (40Q!nl.).  The  filtrate  was  concentrated  to 
about  5ml.  and  the  resulting  soluticn  separated  into  neutral  and  basic  fracticaas  by 
extraction  with  dilute  hydrochloric  acid  as  in  experiment  (i). 

On  analysis  of  each  fraction  by  G.L.C, ,  as  in  experiment  (i),  N,N-dibutyl- 
formamide  (l.08g. ,  64,5/^j  dibutyl8mine-'(0.-178g. ,  and  unreacted  tributyl- 

amine  (trace)  were  detected. 

Preparation  of  triisobutylamine. 

Diisobutylamine  (6g, )  and  isobutyllodide  (l8g. ),  i,  e, ,  mole  ratio  2:1,  were 
heated  on  a  steam  bath  for  3  hr,  ihe  reaction  mixture  was  treated  with  ice  cold 
concentrated  sodium  hydroxide  solution  and  extracted  with  ether  (4  x  50  ml.).  Die 
combined  ether-extracts  were  dried  and  concentrated.  Die  residue  vi^as  fractionally 
distilled,  first  at  atmospheric  pressure  to  remove  diisobutylamine,  and  then  at  14nm, 
to  give  triisobutylamine  (l.5g.),  1.4245  (lit.Hj^^^* 1.4252).^  G.L.C. 

indicated  that  the  material  was  pure,  the  impurities  probably  being  isomers. 

Oxidation  of  triisobutylamine. 

Triisobutylamine  (0. 378g. )  in  cyclohexane  (50  ml.)  was  shaken  with  manganese 
dioxide  (9.4g.)  for  18  hr.  at  19°.  Die  dioxide  was  filtered  off  and  washed  with  a  3:1 
mixture  of  diohloromethane  and  methanol  (lOO  ml.).  The  filtrate  was  concentrated  to 
about  3  ml. 

On  analysis  by  G.L.C, ,  diisobutylformamide,  diisobutylamine  and  unreacted 
triisobutylamine  were  detected.  The  diisobutylformamide  £uid  diisobutylamine  were 
produced  in  approximately  equimolar  quantity.  The  diisobutylamine  had  both  a  slightly 
longer  r,  t,  and  a  broader  peak  than  that  normally  given,  c.f.  the  dibutylamine 
analysis  in  experiment  (ii).*  The  amine  behave  noimally,  hoiTover,  when  first 
extracted  from  the  reaction  product  vath  dilute  hy<3i^ochlorio  acid, 

t  I 

Preparation  of  N.N.N.N-tetrabutyl-1 .2-ethylenediamine. 

Dibutylamine  (51.6g)  and  ethylene  dibromide  (l8,8g, ),  i.e, ,  mole  ratio  2:1, 

were  refluxed  for  1  hr.  The  reaction  mixture  was  basified  with  ice  cold  concentrated 

sodium  hydroxide  solution  and  extracted  with  ether  (4  x  50ml.),  The  combined  ether 

extracts  were  dried  (MgSO, )  and  concentrated.  The  residue  was  fractionally  distilled 

4  I  t 

first  at  12*mm,  to  remove  dibutylamine  and  then  at  0,1  mm,  to  yield  N,N,N,N-tetrabutyl- 

1 ,2-e1hylenediamine  (8,5g«),  b.p,  9oVo,1ram,,  1,4454,  (lit.  b.p,  156-8°/i2mm. , 

1.4438)^  (Pound:  0,76.2;  H,13.8;  N,9.8.  Calc,  for  C,76.0; 

H,14,2;  N.9.£^). 

f  I 

Oxidation  of  N.N.N.N-tetrabutyl-l  .2  -ethylenediamine. 

The  amine  (l.91g.)  in  cyclohexane  (250ml.)  vms  shaken  with  manganese  dioxide 
(50g. )  for  I8hr,  at  19°,  The  dioxide  was  filtered  off  and  washed  with  a  3:1  mixture 
of  diohloromethane  and  methanol  (400ml.)  The  filtrate  was  concentrated  to  about  5ml. 

The  infrared  spectrum  of  the  resulting  solution  indicated  the  presence  of 

—1  —1 

oxidation  products  which  absorbed  at  l675oo  ond  l655Gm  .  The  solution,  in 
cyclohexane  (lOCtal. ),  was  extracted  with  0»1%  hydrochloric  acid  (20Ctal.)and  water 
( 100ml.),  dried  (MgSO^^)  and  concentrated  to  about  5  ml. 

On  analysis  by  G.L.C, ,  N,N-dibutylfoimamide  and  two  other  neutral  compounds  of 
hi^er  boiling  point  were  detected  in  the  solution, 

*  (see  page  17) 


Oxidation  of  trlethylamine, 
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Trietiyrlaraine  (2.01g.)  in  cyclohexane  (250ml,)  uias  shaken  with  manganese 
dioxide  (50g. )  for  l8hr.  at  19°,  The  dioxide  was  filtered  off  and  washed  with  a  3:1 
mixture  of  dichloroniethane  and  methanol  (ifOOml. )  The  filtrate  was  concentrated  to 
about  5®!,  by  distillation  through  a  12  inch  Penske  column. 

On  analysis  by  G,L.C, ,  N,N-diethylfonnaraide  (0,09g»,  <1?S)  was  detected  in 
the  solution,  Uhreaoted  trieti^lamine  was  not  estimated  because  of  losses  due  to 
volatility, 

G,L.C,  Analysis 

Column  temperature  78°, 
m-xylene  (i.s, ),  r,t,  9  min, 

N,N-diethylfomamide  r,t,  16  min. 

Oxidation  of  tripropylamine. 

Tripropylamine  (2,05g, )  in  cyclohexane  (250ml.)  was  shaken  with  manganese 
dioxide  (50g,)  for  l8hr,  at  19°,  The  dioxide  ms  filtered  off  and  washed  with  a 
3:1  mixture  of  dichloromethane  and  methanol  (40Cml. ),  The  filtrate  was  concentrated 
to  about  5ml.  by  distillation  throvi^  a  12  inch  Penske  column. 

On  analysis  by  G,L,C, ,  N,N-dipropylf  ormamide  (o.34g. »  27.5^)  and  tripropy¬ 
lamine  (O. 675g.)  were  detected  in  the  solution. 

G.L.C.  Analysis 

Column  temperature  130°, 

Tributylamine  (i.s,),  r,t,  38rain. 

Tripropylamine  r,t.  7  min, 

N,N-dipropylfoimaraide  r,t,  19  min. 

Oxidation  of  tripentylomine, 

Tripentylamine  (2,04g«)  in  cyclohexane  (250  ml,)  was  shaken  with  manganese 
dioxide  (50g, )  for  18  hr,  at  19  ,  The  dioxide  v/as  filtered  off  and  washed  with  a 
3:1  mixture  of  dichloromethane  and  methanol  (ifOO  ml.).  The  filtrate  was  concentrated 
to  about  5  ml. 

The  infrared  spectrum  of  the  resulting  solution  indicated  the  presence  of 
oxidation  products  by  the  strong  absorption  at  l675  cmT^  and  1620  cm“^  and  by  the 
weak  absorption  at  1565  cm  Of,  the  oxidation  of  tributylamine.  The  solution  in 
cyclohexane  (lOO  ml.)  was  extracted  with  0.7^  hydrochloric  acid  (400  ml),  dried 
(MgSO^)  and  concentrated  to  about  5  ml. 

On  analysis  by  G.L.C,,  N,N-dipenty  If  ormamide  (o,60g. ,  48,2^)  was  detected  in 
the  solution,  Ihe  aqueous  acidic  extract  was  basified  Vfith  ice  cold  concentrated 
sodhm  hydroxide  solution  and  extracted  with  ether  (4  x  50  ml.).  The  combined  ether 
extracts  were  dried  (I3gg0^)  and  concentrated  to  about  5ml.  by  distillation  at 
atmospheric  pressure.  On  analysis  by  G.L.C,  ,  tripentylamine  ( 0. 39g. )  and 
dipentylamine  were  detected  in  the  solution.  The  dipentylamino  was  not  estimated, 
G.L.C,  Analysis 

N,N-dipenty  If  ormamide  estimaticai: 

Colirnti  Temperature  171°, 

Tributylamine  (i.s.),  r,t,  3  rain, 
jN,N-dipentylfoiTnamide  r.t.  11  min. 
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Tripentylandne  estimaticti; 

Column  Tenperature  171°, 

Tributylamine  (i,  s, ),  r.t,  3  min, 

Tripentylamine  r.t.  10  min, 

l3o].ation  and  Identification  of  the  M.W-l3pent.vli*ormamide. 

The  renmnder  of  the  neutral  fraction  vras  washed  with  dilute  sodium  bisulphite 

j  o  pc  a 

soluticjn  to  remove  aldehydes.  The  formamide  =  1.^4470  (lit.  =  1.4462)'^,  which 
isolated  by  distillation  at  0. 1  mm, ,  exhibited  a  strong  band  at  1 675  can  ^  in  the 
infrared,  (Found:  0,70.9;  H,  12.4;  N,6.6.  Calc,  for  0,71.3;  H,12.5;  N,7.^) 

Oxidation  of  triootylamine. 

Triootylamine  (l.99g»)  in  cyclohexane  (l50  ml.)  was  shaken  with  manganese 
dioxide  (25g.),  for  18  hr.  at  19°,  The  dioxide  was  filtered  cff  and  washed  with  a 
3:1  mixture  of  dichloromethane  and  methanol  (250  ml.).  The  filtrate  was  concentrated 

to  about  5  ml.  The  infrared  spectrum  of  the  resulting  soluticsn  indicated  the  presence 

—1  —1 

of  oxidation  products  by  the  strong  absorption  at  1675  cm  and  l620  cm  and  the 

—1 

weak  absorption  at  I565  cm  .  Of.  the  oxidations  of  tributylamine  and  tripentylamine. 
The  solution  was  chromatographed  on  activated  alumina  (l00g.)  Elution  with 
light  petroleum  gave  unreacted  triootylamine  (0.741g. )  and  with  ^  benzene  in  light 
petroleum,  N,N-diootylformamide  (0.513g. ,  54i0!^)»  The  oxidation  products  which 

-•i  mA 

absorbed  at  1620  cm  and  1565  cm”  were  eluted  with  methylene  chloride, 

■*1 

The  N,N-dioctylforraamide,  -viMch  exhibited  a  strong  band  at  l675  cm  in  the 
infrared,  was  distilled  at  -.1  mm.  1.4534  (lit.  1.4523)^.  (Pound: 

C,75.3;  H,  12.6;  N,5.3.  Calc,  for  C^^.^0:  0,75.8;  H,15.1;  N,5.25?). 

I  2 

Oxidation  of  N.N  -dimethyl-^  -tetrahydrooirbaelne. 

The  amine  (o.14g. )  in  cyclohexane  (20  ml.)  vreis  shaken  with  manganese  dioxide 
(3.5  g.)  for  18  hr.  at,  19°,  The  dioxide  was  filtered  off  ^d  washed  with  a  3:1 
mixtine  of  dichloromethane  and  methanol  (50  ml.)  The  filtrate  was  concentrated  to 
about  5  ml.  The  infrared  spectrum  of  the  resulting  solution  showed  a  broad  band  at 

1585  csm”^. 

Oxidation  of  N.N' -dimeth.Vl-2.2 '-dipiperid.yl. 

The  amine  (0.l6g. )  in  cyclohexane  (20  ml.)  was  shaken  with  manganese  dioxide 
ih&m)  for  18  hr.  at  19°.  The  dioxide  was  filtered  off  and  ivashed  with  a  3:1  mixture 

of  di(3hlorome thane  and  methanol  (50  ml.)  The  filtrate  was  ccaicentrated  to  about  5  ml, 

—1 

The  infraired  spectrum  of  the  resulting  solution  showed  broad  bands  at  l6i|.5  can  and 
1545  cm  \ 

Oxidation  of  N.N-dimeth.yl-t-butylamine» 

(i)  The  amine  (0.98g,)  in  light  petroleum  b,p.30-4)°  (150  ml.)  was  shaken  with 
manganese  dioxide  (25  g. )  for  18  hr,  at  19°.  The  dioxide  was  filtered  off  and 
washed  with  di(3hloromethane  (200  ml.).  The  filtrate  was  concentrated  to  about  5  ml.  by 
distillation  through  a  12-incii  Fenske  column.  On  analysis  by  G.L.C.  unreacted 
N,N-dimethyl-t-butylamine  (0.338g. )  and  two  imidentified  products  were  detected  in  the 
solution.  The  infrared  spectrum  of  the  solution  showed  no  carboi^yl  absorption. 
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G,L.C,  Analysis 

Column  temperatur'.'  19*^. 

Toluene  (i.  s.  ),  i-otc  17  min, 

NjU-dimetliyl-t-butylandne  adn. 

Product  A.  r,  t,  7  min. 

Product  B,  r,  t.  5  inin, 

(ii)  The  amine  (l.Og. )  in  light  petroj.oum  b.p,  30-40°  (150  ml.)  was  shaken  with 
manganese  dioxide  (25g. )  for  18  hr.  at  ly.  The  dioxide  was  filtered  off  and  washed 
with  a  3s1  mixture  of  dichl-oromethane  and  methanol  (300  ml,).  The  filtrate  was 
concentrated  to  about  5  ml.-,  by  distillation  through  a  12-inch  Penske  column.  The 
solution  shovred  no  carbonjO.  absorption  in  the  infrared. 


(iii)  The  amine  (l.OOg.'  Jn  light  petroleum  b.p.  30-4-0°  (250  ml.)  was  shaken  vdth 
manganese  dioxide  (50go)  for  18  hr.  at  19°.  The  dioxide  was  filtered  off  and  washed 
with  a  3:1  mixture  of  dicU oromethane  and  methanol  (300  ml.).  The  filtrate  was 
concentrated  to  about  200  ml.  by  distillation  through  a  12-inch  Penske  column  and 
treated  with  a  mixture  (m.ole  ratio  1:10)  of  2  ,3-dichloronaphthaquinone  (l,12g.) 
and  acetaldeliyde  (2.20g. )  in  benzene  (lOO  ml.  )^. 

After  18  hr.  in  the  dark  at  19°,  the  resulting  blue  solution  was 
concentrated  to  about  50  ml.  After  washing  ■with  0.5N  sulphuric  acid  to  extract 
the  amine  hydrochloride,  the  blue  solution  was  dried  (MgSO^)  and  made  up  to  500  ml. 
with  benzene.  Prom  the  optical  density  of  this  solution  at  5720^,  the  amount  of 
2-chloro-3, 2*  -N-methyl-N-t-butylaminovinyl-l  ,4-naphthaquinone  formed  was  0.1 86g, 

The  yield  of  N-methyl-t-butylamine  was  thus  0, 0534g. ,  12.4?5,  assuming  all  the 

N, IT-dime-bhyl-t-butylamine  to  have  reacted. 

The  solution  was  evaporated  to  dryness  and  chromatographed  on  deactivated 
alumina  (50g.).  Rapid  elution  -with  benzene  gave  first  unreacted  2,5-dichloronaphtha- 
qiainone  and  then  the  blue  2-chloro-3,.2’  -N-t-butylaminovinyl-l  ,4--naphthaquinone. 

The  blue  quinone  wa,s  crystallised  tvcice  from  toluene  and  dried  at  60°  for  15  hr.  at 

O. 1mm.  to  remove  toluene  of  crystallisation,  m,p.157°.  (Pound:  0,65.5;  H,6o1; 

N,4.0.  C^.^^g02frci  requires:  0,67.2;  H,5,9;  N,A.6/S),  Ultraviolet  absorption 

(in  benzene):  X  max  5720A, ,  £  max  =  12,750. 

The  ultraviolet  absorption  of  a  solution  of  the  blue  quinone  in  pure 

o 

dioxan  was  measured  in  the  range  2,000  -  5>80QA,  Three  maxima  vrere  fpimd: 


Band  I 

Band  II 

Band  III 

0 

X  max  2,36QA. 

X  max  3,20oS 

X  max  5,66q2 

£  max  =  10,110 

£  max  =  26,800 

£  mine  =  12,720 

2-Chloro-3,  2» . 

-dime  thy  lamino-viny  1-1 ,4--naphthaquinone  (A) 

and 

2-chloro-5, 2 '  -diethylaminovinyl-1 ,4--naphthaquinone 

(b) 

under 

the  same  conditions  each  ^ve  three  maxima:-^ 

Band  I 

Band  II 

Band  III 

(A) 

X  max  2,380i° 

X  max  3,23ClS 

X  m<ax  5 , 640S 

S  max  10,200 

£  max  27,600 

£  max  13,300 

(B) 

X  max  2,38q2 

X  max  3,2108 

\  max  5,580 

£  max  10,100 

£  max  26,600 

£  max  12,200 
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Oxidation  of  tributylamine  -with  oy/gen  at  100°, 

In  the  absence  of  light  a  slow  strosm  of  pure  oxygen  was  passed  for  36-hrs. 
through  tributylamine  (26.4'lg.,  0«143  mole)  and  a  0.01  mole  equivalent  of  diter- 
tertiarybutyl  peroxide  at  100°  in  a  !•>.•  flask  filted  with  a  double  surface 
condenser.  The  reaction  mixture  whicir'.  ■..■-i-;  nark  red-brovm  in  ooloiu:  was  cooled, 
taken  up  in  cyclohexane  (200  ml.),  anJ  u■^^racted  with  water.  On  treating  the  aqueous 
extract  with  cold  saturated  aqueous  picj-n;  acid,  a  crystalline  piorate  was  not 
obtained.  The  residual  cyclohexane  soluj'.  m  was  extracted  with  dilute  hydrochloric 
acid  to  remove  basic  material,  dried  (MgSO^)  and  concentrated  to  about  10  ml.  On 
analysis  by  G.L.G.  N,N-dibutylformamide  (0.49g. ,  0.0031  mole,  5.^)  ond  two  other 

“■1 

unidentified  products  were  detected  in  the  solution.  Infrared  absorption  at  1675  cm 
confirmed  the  presence  of  tcic  formamide.  The  acid  extract  of  the  reaction  mixtiore  was 
basified  with  cold  concentr-atcd  sodium  hydroxide  solution  and  extracted  with  ether 
(4  X  200  ml.)  The  coinbiowid  extracts  were  dried  (WgSO^)  and  concentrated  to  about 
25  ml.  Unreacted  tributylamiiio  (l6.2g. ,  O.O876  mole)  and  dibutylamine  (l,24g. , 

0.0096  mole,  17.4^)  v/ere  de-i.t.-oi[:ed  in  the  solution  on  analysis  by  G.L.C. 

Cumene  hydroperoxide  from  Laporte  Chemicals  Limited  was  purified  by  distillation  at 

53°/0. 0005mm.  1.52ii-2  (Lit.  1.5242).^ 

r 

a,a-Dimethylbenzyl  alcohol  was  prepared  by  the  action  of  cumene 
hydroperoxide  on  tributylamine  at  110°.  m.p.  34°  (from  light  petroleum). 

Oxidation  of  tributylamine  vd.th  cumene  hydroperoxide. 

(i)  Tributylsm.ine  (3.94g. ,  0.0213  mole)  and  cumene  hydroperoxide  (l.5og. , 

0.0103  mole)  were  mixed  and  heated  at  80°  for  24-1‘ir.  The  reaction  mixture  was 
cooled  and  taken  up  in  cyclohexane  (IOO  ml.)  The  cyclohexane  solution  was  extracted 
with  water  and  the  aqueous  extract  treated  with  cold  saturated  picric  acid. 
Tributylamine  N-oxide  picrate  (m.p,  and  mixed  m.p.  110°)  was  formed  representing 
tributylamine  N-oxide  (0, 264g. ,  0.00132  mole,  The  qyclohexane  solution  was 

extracted  with  dilute  hydrocliloric  acid  to  remove  basic  material,  dried  (MgpO^) ,  and 
concentrated  to  about  5  ml.  On  analysis  by  G.L.C,  a,a-dimethylbenzyl  alcohol 
(l.15g.,  0.0084  mole,  82.5^)  was  detected  but  not  N,N-dibutylf crroamide  and 
N,N-dibutylbutyramide,  The  acid  extract  of  the  reaction  mixture  was  basified  vd-th 
cold  concentrated  sodium  hydroxide  solution  and  extracted  with  ether  (4  x  100  ml.). 

The  cembined  extracts  were  dried  (15^0^)  and  concentrated  to  about  5  ml.  Unreacted 
tributylamine  (2.6lg.,  O.OI41  mole)  and  dibutylamine  (0.19g.,  0.00147  mole,  20.5^) 
were  detected  on  analysis  of  the  solution  by  G.L.C. 

G.L.C.  Analysis  of  a.a-dimethylbenzyl  alcohol. 

The  a,a-dimethylbenzyl  alcohol  was  estimated  on  a  6ft.  column  of  by  weight 
of  silicone  oil  on  elite  at  110°  using  tributylamine  as  internal  standard. 

Tributylamine  (i.s, ),  i-.t.  12  min. 
a,a-dimethylbenzyl  alcohol  r.  t.  25  min. 

(ii)  Tributylamine  (3.64g. ,  0.0197  mole)  and  cumene  Inydroperoxide  (l,44g. ,  0.00947 
mole)  were  mixed  and  heated  at  80°  for  4-hr.  The  reaction  mixture  was  worked  up  and 
analysed  as  in  experiment  (i). 
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Unreaoted  tributylamine  (2,38g. ,  0.0129  mole),  dibutylamine  (0.198g., 

0,00154  niole,  22.5^)  and  tributylamine  N-oxide  (o,38g. ,  0.00191  mole,  2^) 
v/ere  obtained. 

(iii)  Tributylamine  (2.02g. ,  0.0109  mole)  and  curAene  hydroperoxide  (3.06g. , 

0.0201  mole)  v/ere  mixed  and  heated  at  80°  for  9  hr.  The  reaction  mixture  was  worked 
up  and  analysed  as  in  ejjperiment  (i). 

Unreadted  tributylamine  (0.80g. ,  0.00432  mole)  and  tributylamine  N-oxide 
(0,425g. ,  0.00212  mole,  32%)  v/ere  obtained.  . 

Oxidation  of  N-ethylpinerldine  with  cumene  hydroperoxide. 

(iv)  N-Etiiylpiperidine  (0.559g. ,  0.00495  mole)  and  cumene  hydroperoxide  (2,96g. , 
0.0194  mole)  were  mixed  and  heated  to  80°,  Almost  immediately  the  reaction  mixture 
turned  a  dark  brown,  colour.  The  reaction  was  not  investigated  further, 

(v)  K-Bthylpiperidine  (0. 559g. ,  0,00495  mole)  and  cumene  hydroperoxide  (2.96g. , 
0.0194  mole)  were  mixed  and  allowed  to  stand  for  2A  Irr,  The  reaction  mixture  was 
taken  up  in  cyclohexane  (lOO  ml,)  and  extracted  with  water.  The  aqueous  extract,  on 
treatment  with  cold  saturated  aqueous  picric  acid  yielded  N-ethylpiperidine  N-oxide 
picrate  (m.p.  and  mixed,  m.p.  144°.  Pound:  0,43.7;  H,4.9;  N,l6,00.  Calc,  for 
C^^_jgOgN^O,43.6;  H,5.1';  N,15<‘^%)  representing  N-ethylpiperidine  N-oxide  (0.198g. , 
0.00142  mole,  2S%0. 

Oxidation  of  trlethylenediamine  with  cumene  hydroperoxide. 

(vi)  Triethylenediamine  (l,12g. ,  0.0112  mole)  and  cumene  hydroperoxide  (0.76g. , 
0,0076  mole)  were  mixed  and  heated  at  80°  for  4  hr.  Although  the  reaction  mixture 
was  worked  up  as  in  experiment  (i),  the  fate  of  the  amine  could  not  be  determined 
due  to  the  extreme  solubility  of  triethylenediamine  in  v/ater.  a,a-DimetIiylbensyl 
alcohol  (0.68g, ,  0.0076  mole,  100^2)  was  obtained. 
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2,  OXIDATION  OF  TBKPIAIg  AMINES  BY  MQNCVALEKT  RADICALS, 


In  our  prefvious  reports  the  cacide.tion  of  dimethylaniline  by  t-hutoxy  radicals 
formed  by  thermal  or  photochemical  deccn^josition  of  di-t-butyl  peroxide  In  an 
excess  of  dimethylaniline  has  been  discussed  in  detail.  The  products  of  the  reaction 
indicated  that  N-methylanilincmethyl  radicals  (PhMeN*CI^»)  were  generated  and  that 
these  dimeilsed  to  give  the  main  product.  Other  products  were  the  triamine  and 
tetramine  foimed  by  further  dehydrogenative  coupling  with  the  N-methyl  groi5)s  of 
the  diamine  and  triaaine  respectively.  The  oxidation  of  other  amines  has  also  been 
discussed  and  atten5)ts  to  find  other  sources  of  radicals  described.  The  ■yrork  of  the 
present  report  continues  the  oxidation  of  amines  with  di-t-butyl  peroxide  using  an 
excess  of  the  amine  as  solvent  and  also  using  acetic  acid  as  solvent,  Coirparison  is 
made  with  the  products  of  oxidation  using  other  oxidising  agents. 

The  oxidation  of  N,N-dimethyl-t-butylamine  by  di-t-butyl  peroxide  in  mole 
ratio  5:1  by  reaction  at  132°  for  87  hours  v.'as  described  in  the  last  report, 

N,N' -Dimetliyl-NjN'-di-t-butylethsrIenediamine  was  formed  in  yield.  The  reaction 

has  been  repeated  and  the  formation  of  a  triamine  noted  in  yield.  Gas 

chrcmatography  showed  that  the  trimeric  fraction  consisted  of  two  cotpoimds  (ratio 
about  95:5)«  By  analogy «.with  the  trimer  and  tetramer  in  the  dimetlylardline  case  it 
msy  be  assumed  that  the  lesser  peak  correspondsto  the  trimer  resulting  from 
dehydrogenative  coupling  with  tile  N-methylene  groi^i  of  the  diamine, 
Bu”'^(Me)NCH2CIi^H2N(Me)Bu27'N(Me)Bu''*',  and  that  the  major  peak  corresponds  to  the 
trimer  resulting  from  coupling  with  the  N-methyl  group, 

Bu''(Me)NCH2CH2N(Bu^)CH2CH2N(Me)Bu‘''’,  The  results  with  N,N-dljiiethyl-t-butylamine 
show  that  it  is  attacked  by  t-butcocy  radicals  in  the  usual  fashion  and  that  there 
is  no  steric  hindrance  between  the  entering  t-butoxy  reidical  and  the  bulky  t-butyl 
groijp  of  the  amine. 

The  reaction  between  N-methylpipeiidine  and  di-t-butylperoxide  with  the 

formation  of  2,2' -dipiperidyl  and  an  enamine  was  discussed  in  the  report  of  last 

year.  In  order  to  obtain  more  evidence  on  the  route  of  enamine  formation  experiments 

were  done  using  N,N-dimethylisobutylamine  and  N,N-dimethylisoprcpylamine.  Wien 

N,N-dimethylis  obutylamine  and  di-t-butyl  peroxide  were  reacted  together  no  N,N- 

diniethyl-2-methyl-prop-1-enylamine  MegCiCHNMeg  was  found.  This  coipound  would  be 

the  monomeric  enamine  expected.  The  higher-boiling  products  of  the  reaction  showed 

—•1 

only  a  weak  band  in  the  infrared  at  1675  cm,  and  this  appeared  to  be  a  carbonyl 
impurity  rather  than  an  enamine  of  a  dimeric  product.  Gas  chromatography  indicated 
a  single  ccmpound  and  spectra  in  the  near  infrared  region  indicated  that  the  product 
was  N,N' -dimethyl-N,N'-diisobutylethylenediamine  i.e,  dehydrogenative  coiqillng 
occurred  via  the  N-methyl  groip)  of  the  amine  and  not  on  tiie  N-methyiene  group.  The 

i-e suits  with  N,N-dimethylx3opropylamine  were  similar.  A  weak  band  was  agedn 

—1 

observed  at  1675  cm,  in  the  infrared  ^ectrum  of  the  product.  Spectra  in  the  near 
infrared  region  indicated  that  a  substituted  ethylenediamine  had  been  formed. 

Further  evidence  that  this  may  be  the  structure  is  that  another  possible  dehydrogeno- 
dimer,  2,3-bis(dimethylamino)-2,3-dimethylbutane  has  a  lower  boiling  point  than  that 
of  tile  product.  Thus  these  two  amines  are  attacked  at  the  N-<nethyl  group  in  -the  usual 
fashion  by  the  t-butoxy  radical  to  form  an  aminomethyl  radical  and  t-butanol. 
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Bnaraines  do  not  seem  to  have  been  foimed. 

The  reactivity  of  methyl  groups  tavards  t-butcay  radicals  increases  in  the 

order  CMe,  OMe,  NMe.  Thus  the  yield  of  t-butanol  ■»vhen  cfi.-t-butyl  peroxide  is 

i  2 

decomposed  in  substrates  is  26^5  frcm  t-butylbenzene,  55P?  from  anisole,  and 
■1 OC^  frcm  dimethylaniline.  Conpetitive  experiments  were  tlieref ore  dene  on  N,N- 
dimethyl-t-butylamine,  t-butylmethylether,  and  dimethylaniline  and  the  results 
compared  with  other  v/ork  in  this  department  on  parallel  experiments  with  dimethyl- 
aniline,  anisole  and  t-butylmethylether.  The  results  are  illustrated  in  tabular 
fom  in  the  experimental  section,  -where  it  may  be  seen  that  amines  are  very  much 
more  reactive  than  ethers.  However,  dimethylaniline  was  not  much  more  reactive 
than  dimethyl-t-butylamine.  Thus  the  additional  possible  stabilization  of  the 
initial  radical  by  the  benzene  ring  does  not  contribute  much  to  the  reactivity. 

The  greater  reactivity  of  amines  ccmpai’ed  with  ethers  is  probably  due  to  the  greater 
capacity  of  amines  to  contribute  a  polar  structure  to  the  transition  state. 

Electron  donation  from  the  hetero-atom  -vidth  consequently  lowering  of  the  activation 
energy,  occurs  more  readily  for  nitrogen  than  for  oxygen; 

;N  :N  tN 

Ro*  +  H— cc:;; - ^  ^ — »  ro“+h-c<~ 

Resonance  stabilization  by  electron  donation  must  also  be  greater  for  R^N'CRg* 
than  for  R0*CR2*  radicals  as  dimers  are  foimed  by  the  former  radicals. 

Stereochemical  Aspect  of  Hydrogen  Removal 

For  anines  it  may  be  expected  that,  for  a  particular  oxidising  agent,  there 
will  be  a  preferred  conformation  for  the  removal  of  hydrogen.  The  problem  is  to 
determine  the  preferred  angle  be-tween  the  leading  hydrogen  and  the  characteristic 
unbonded  electrcn,  pair  on  nitrogen.  If  alkoxyl  radicals  are  electron  aiccepting  in 
character  then  their  reaction  with  amines  may  be  due  to  electron  donation  from 
nitrogen  in  the  transition  state.  Walling-^  has  suggested  that  the  t-butoxy  radical 
is  electrophilic  in  character.  However  Moore^  has  fovaid  that  the  a-position  in 
ketones  is  activated  towards  attack  by  t-butoxy  radicals  for  butan-2-one  and 
cyclohexanone,  and  Beckwith  from  the  reaction  of  di-t-butyl  peroxide  with  aliphatic 
acids  has  suggested  that  the  t-butoxy  radical  has  negligible  electrcn  accepting 
properties  and  that  polar  effects  do  not  influence  the  course  of  its  reactions, 
Johnston  and  Williams  and  Huang  and  Yeo^  ho-wever  have  oon eluded  that  hydrogen 
abstraction  by  t-butoxy  radicals  may  involve  sesne  degree  of  polarizaticai  in  the 
transition  state. 

If  electron  donation  from  nitrogen  in  the  transition  state  is  a  step  in  the 
reaction  of  eunines  -with  t-butoxy  rsdicEds  then  the  removal  of  cis-hydrogen  will  bo 
the  preferred  path. 
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Con5>etitive  reactions  of  ols-  and  trems-l .  2.5-tilmeth.vlp.vrrolldine  with 
t-butoocy  radicals  inay  be  informative.  Oiese  amines  were  synthesised  according 
to  the  scheme: 


II- 


oaiarMeCgCELaBUaMeNH 


MoCaaJgCHgCMeN 


IV  and 


Reduction  of  2,5-dlmethylpyiTOle  I  by  zinc  and  hydrochloric  acid  gives  a 

■Z  A 

mixture  of  2,5-A^-pyrroline  II  and  2,5“^  -pyrroline  HI,  These  -were  separated 
by  .the  differences  in  solubility  of  their  piorates  and  the  amines  were  regenerated 
frcm  -the  picrates.  Hydrogenation  of  the  pyrrolines  gave  the  cis-  and  trans-isomers 
of  2,5-<3imethylpyrrolidine  (V  and  IV)  and  these  were  methylated  using  formic  aci^/ 
formaldehyde  to  give  tlie  cis-  and  trans-isomers  of  1 ,2,5-trimethylpyrrolidine. 

In  the  reactions  of  the  isoners  of  1 ,2,5-trimethylpyrrolidine  with  di-t-butyl 
peroxide  it  was  found  that  isomerisation  of  cis  to  trans  or  -vice  -versa  did  not 
occur.  Thus  the  reaction  of  the  molecule  SX  with  the  corresponding  radioed  R» 
according  to  the  equation 

RX  +  R*  - >  R*  +  RX 


does  not  occur.  This  is  in  accord  -with  the  unimportance  of  similar  reactions  with 
benaylic  radicals,^ 

in  -the  experiments,  both  by  thermal  decomposition  and  by  photolysis  of  -the 
peroxide,  it  -was  found  that  the  t rans-isomer  reacted  slightly  more  quickly  than 
■the  cis-isoner.  This  is  in  agreement  -with  the  -theory  as  the  trans-isoner  contains 
the  hydrogen  of  the  a-carbon  and  the  lone  pair  of  the  lutrogen  in  a  more  cis- 
configuration.  However,  it  should  be  en^ihasized  that  the  reactivity  difference  is 
not  large. 


trans-l ,  2 , 5-trimethylpyrrolidine 


cis-l ,  2, 5-trimethylpyrrolidine 


Bimethyl-p-toluidine  and  di-t-butyl  peroxide  in  acetone. 


In  order  to  centre  the  reaction  of  t-butoxy  radicals  nd-th  -that  of  3>5,3'»5'~ 
tetrachloro-4,4'-diphenoquinane  (t,c,d,),  di-t-butyl  peroxide  -was  decomposed 
photochemiically  in  the  presence  of  dimethyl-p-toluidine  in  acetone,  Wi-th  t.c,  d, 
the  main  product  of  the  reaction  was  5,6,11,-t2-tetrahydro-2,5,8,11-tetramethyl- 
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phenhomazliBS.  This  ms  not  foimed  in  the  present  case,  the  main  prodijct  being  the 
expected  N,N' -dimethsrl-if,N*-di-p>-toiylethylenediamine  (4C^).  k  small. amount  of 
mcTicmj'ttyfl-p-toluidine  was  also  foimed.  Thus  the  mechanisms  of  the  two  reactions 
are  different.  The  t,  c,  d,  mechanism  will  be  discussed  later. 


Dlmethvlaniline  and  di-t-butylperoxide  in  acetic  acid. 

The  reaction  of  dimethylaniline  and  di-t-butyl  peroxide  in  acetic  acid  as 
solvent  has  been  studied.  Initial  work  was  done  using  aqueous  acetic  acid 
as  solvent.  The  products  were  essentially  the  same  as  in  those  using  glacial 
acetic  acid  but  were  in  lower  yield*.  The  latter  system  was  therefore  used  most 
often.  With  dimethylaniline  and  peroxide  in  mole  ratio  5:1  and  deconposed  in 
glacial  acetic  acid  the  products  of  the  reaction  were  4,^'-bis(dimethylamino)- 
diphenylmethane  I  (5^),  4,4'»4''-tris(dimethylamino)tripher(ylmethane  II,  (leuoo- 
Giystal  violet)  (1^),  N-methylacetanilide  (84^),  4-dimethylamino(4'-«iethyl-4’- 
acetyl)aminodiphenylme thane  III  (2QlJ),  The  yield  of  the  last-named  compound  is 
based  on  the  amount  of  N-methylacetanilide  fi'om  which  it  could  theoretically  be 
formed.  The  yields  are  baaed  on  the  equations: 


3PhNMe2  +  (Me^C0)2  - ^  (CgH^iaie2)2CH2  +  PhNHlife  +  2Mo^CCH  (1) 

I 

4PhNMe2  +  2(Me^OO)2  - ^  +  PhNfIMe  +  4MejC0II  (2) 

II 


The  yield  of  methylaniline,  as  N-roethylacetanilide,  is  based  on  equation  (2). 

The  amide  III  was  recognised  by  hydrolysis  to  4-di^<i®'thyle.raino-/|.*  - 
methylaminodiphenylmethane  IV,  the  secondary  amine  being  synthesized  as  follows: 


p-^tfegNCgK^CH^CH  +  p-H^NOgH^Me 

p-i'fe2N0gH^CH2CgH^N(Me)C0Me 
III 


ir 


p-Me^NCgH  CKgNHOgH  Me-p 


in 

IHIJe 


H^O 


CgH^NHMe.HCl 

p-lfegNCgH^CH^CgH^NHCMe)  -p 


IV 


The  reaction  of  dimethylaniline,  4,4'~bis(diraethylamino)diphenylmethane,  and 
di-t-butylperoxide  (mole  ratios  2:2:l)  in  glacial  acetic  acid  was  also  studied, 
N-^nethylacetanilide  the  amide  III  (85??)  and  leuco  crystal  violet  (15^)  were 

formed.  Prom  the  amount  of  4,4'-bis(diraethylamino)diphenylmethane  returned  it  v/as 
evident  that  some  v^as  formed  during  the  reaction.  The  results  of  this  experiment 
suggest  that  N-methyl  groups  rather  than  the  central  GHg  of  the  4»4*-bis(dimethylamino) 
diphenylme thane  are  attacked  by  the  butoxy  radicals. 

The  formation  of  4,4'“bis(dimethylamino)diphenylmethane  in  these  experiments 
suggests,  by  analogy  with  the  formation  of  IV  above  from  p-dimethylaminobenzyl-p-tolu~ 
idine  p-MegNCgH^CHgNHCgH^Me-p,  that  p-dimethylaminobensyl-rnethylaniline  VI 
p44o2NCgI^^2^^^®)®6^5»  intermediate  in  the  reaction:  of  the  peroxide  with 


~J5G- 


diiuathylanij-ine  ir.  acetic  aciu  as  scl’rar'to  This,  canpciund  has  bean  repoD.'tscl  earlier 


iu  the  rsaotio.3.  of  th'j  perccridc  in  dijuothjrjc^ii ^.ins  'vhen  the  concentration  of  the 
gfeiiarated  I''!'--rietnyl-iv:h.iiu'*iio.ti)«r3.  raaiosls  '^e.^  relativoi^y  lo-r.  Thus  it  may  be 
suggested 


PhNMe,j 


(He,CO), 


;h Jj(Ke)ai20^H^  Fto  Jg-r  aie^COH 


o  p 


i 


T-r 


H  Mo 

h  p 


^  O  if 

(-0. 


IcOB 


.  / 


PhNMOg 


C  :•:  .N(MG)00Li6 

^  p^MegNOgH^CIigCj^H^Meg-p 

Reactions  usd-ng  n-diraethj'lomneLsnzydmethyianilii'ie  \rere  therefore  triedc 

Prom  -iTork  previously  ccor’led  out  in  thin  department  it  w-as  thought  that 
3;5.3',5'-''''trachloro-i(.,4''<llph&noquinol  (tjCcdohg),  a  reduction  product  of  t.o.d. 
in  the  oxidations  using  that  p;.  .'duct,  7«3uld  provide  the  aoidic  conditicjns  thought 
nacessor^''  for  the  splittriog  of  th.a  intaKiiediate,  as  nethylaiiiline  oind 


4-.if‘-bis(dirdethylamino)dipho;o:>lanetlian'2  had  been  obtained  in  the  'I'.CeE  oxidation 
o;:  diinethylaniline,  Ho7e'-.r,,  -acporiinents  «-ith  dimethyianiline,  toO.d.hg  and 
p-.imethylem±nobonzylmethj  1;  nilins  under  vsorious  conditions  shov/ed  the  intermediate 
to  oe  vKioha.Juged.  Monometliyianiline  seemed  to  react  under  the  same  conditioias  but 


the  products  were  not  identified, 

?i/hen  dime  thy  laniline,  p-dimethylominobenzy.baethylaniline  and  t,c.  d.hg 
(catalytic  amount)  wore  refluxed  in  glaoiel  acetic  acid,  2).,4'“bis(dijnetliylamino)" 
dipheixyl  m  ethane  (lOC^),  W-methylacetani-lide  (ji;!''),  and  a  sjnrXL  cu-jount  of  leuoo 
orystal  violet  W'ore  foiraed,  Further  experiments  showed  that  the  presence  of  t.c.dch, 
was  not  required, 

if  the  carboniuin  ion  "^CHgCgH. jNMeg-p  is  formed,  then  a  mixed  diamine  should  be 
formed  on  2"eflu::ing  p-dimethylaminoberizylniethyloniline  and  N-phenylpyrrolifine  in 
acetic  scic!.  In  fact,  iT-iiiethylacetanilide  {67/^)  '.vas  obtained  together  with  an 
amine  whose  properties  indicated  that  it  'was  the  expected  4“(dimstl^ylamino)--l'.' - 
( i'l-pyrr olidin  o  )  dipheny'imo thane  (  3^4)  , 

The  forintion  of  the  acetyl  compound  III  in  the  reactions  of  dir-iotliylaailine 
snd  peroxide  may  be  due  to  the  above  cai-bonium  ien  attacking  a  mothylaniline  molecule 
(or  its  acetyl  derivative),  or  it  may  be  due  to  .-'ttack  of  a  metliyl^milinomethyl 
radical  on  an  IT-methyl  group  of  4,4'-bis(dimet.hj’-laniino)diphen,yl  metha:io. 


Tbs  resultiiTg  molecule  unuld  be  analogous  to  p-dimethylar.iinobenzylmetlT^/I.an:.lino  and 

on  hvcrolj'sie  in  acetic  acid  v/oiLl.d  lead  to  the  aretyl  oompound  III  and  the 

carboniun  ion  previously  postulated.  This  latter  mecnanr-sra  leads  to  the  consideration 

of  the  initial  formation  of  p-dimetiiylominobenzylmethylaniline.  In  view  of  th' 

strength  of  rni  aromatic  CH  bond  it  is  xjnlike'j^'  that  direct  abstraction  of  a  para 

hydrogen  of  u  dineth'-laidline  molec  do  '^ccurs  either  by  a  metlxylanilinomathyl  radical 

or  a  t-butor.y  radical,  Suen  a  radica..  could  t'acn  ccr.frn-i  with  a  mothylanilinometliyl 

g 

radical  to-  give  the  product  directlo’-  vorl- ••.•ith  v.'n  -tuterated  toluene  has  shovm 
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that  radicals  react  by  additicai  followed  by  abstraction  of  hydrogen, 
Similariy  in  this  case  it  is  more  likely  that  a  methylanilinomethyl  radical 
first  adds  to  the  benzene  ring  to  give  a  radical; 


Me 


PhN(Me)CH„ 


/■ 

N 


\ 


Me 


which  then  undergoes  hydrogen  abstraction  by  another  methylanilincmethyl 

radical  or  a  t-butoaqr  radical  to  give  p-dimethylaminobenzylmethylaniline. 

The  reaction  of  3,5>3* ,5’-i®'trax3hloro-4,4'-diphenoquinone  with 

10 

dimethylanibme  in  acatona  has  also  been  studied.  Previous  work  had 
shown  that  4,4'-bis(dimethylamino)diphenylmethane  and  raethylaniline 
were  formed.  It  has  now  been  shewn  that  p-dlrysthylaaincbenzylmethylaniline 
(VI)  is  also  fomed  as  a  major  product  of  the  reaction.  This  diamine  is 
presumably  the  intennediate  in  the  foMnation  of  the  other  two  products. 

Its  formation  may  be  represented: 

V. 

PhNMeg  +  T.C.D.  - >  PhNCMe)!®:^  +  (T.C.D.H) 

(^) 
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V  +  PWIMeg 


VI 


This  work  finds  agreement  in  the  work  on  dimethyl-p-toluidine  and  t.c.d,  (  Kenbest  - 
unpublished  work  )  where  5j6,11 ,12-tetrahydro-2,5,8,11-tetramethylphenhQmazine  is  the 
main  product.  This  must  be  formed  via  an  intermediate  of  the  type  VI, 

The  reaction  of  dimethylaniline  and  cumene  hydroperoxide  in  acetic  acid  was 
also  studied.  Previous  work^*^  had  shown  that  metliylaniline  (as  N-methylacetanilide) 
and  4,4’-bis(dimethylamino)diphenylmethane  vrere  formed.  Experiments  now  showed  that 
leuoo  crystal  violet  and  4-dimethylamino-(if'-methyl“4'~aceiyl)2niiJ^odiphenylmethane 
were  also  formed.  As  the  basic  products  of  the  reaction  are  the  same  as  for  di-t- 
butyl  peroxide  it  is  reasonable  to  assume  that  the  mechanism  of  the  radical  attack  on 
the  amine  is  similar.  The  initial  breakdown  of  the  hydroperoxide  into  a  aunyloxy  and 
a  hydroxy  radical  is,  however,  a  complicating  factor. 

Reaction  of  t-butoxy  radicals  with  a  mixture  of  dimethylaniline  and  4#4'-'bis- 
( dime thylamino) diphenyl  methane  in  acetic  eicid  gave,  as  already  mentioned,  R-methyl- 
acetanilide,  the  amide  III  and  leuco  crystal  violet.  Similar  reaction  in  the  absence 
of  acetic  acid  gave  t-butanol  and  4“dimethylamino-4'-<nethylamino-diphenylmethane 
Also  formed  was  1 ,1 ,2,2,-tetrakis(4-diraethylaminophenyl)ethane(l956).  The  formation  of 
a  demethylated  product  has  betai  noted  in  an  earlier  report  in  the  reaction  of 
N-methyldiphenylamine  with  di-t-butyl  peroxide  when  diphenylamine  was  the  main  product. 
The  other  amine  is  formed  by  hydrogen  abstraction  fron  the  central  methylene  group  with 
subsequent  dimerization  of  the  radicals  so  formed.  This  suggestion  is  supported  by  the 
following  reaction  carried  out  in  the  absence  of  dimetliylaniline, 

4,4'-Bis(dimethylamino)diphenylmethane  and  di-t-butyl  peroxide  in  mole  ratio  3:1 
gave  V^imethylamino-4'-methylaminodiihenylmethane  (19?2),  1 ,1 ,2,2,-tetrakis(4-dimethyl- 
aminophenyl) ethane  ,  A,andK'^'-di*^^«»p -dimethylaminobenzyl)-pheny2/-W,N* -dimethyl- 

ethylene  chamine  (24^),  B, 

The  last  named  compound  B  is  the  dehydrogenodimer  resulting  from  coupling  of 
radicals  formed  by  Irydrogen  abstraction  from  the  N-methyl  group  of  4,4' -bis (dine thyl¬ 
amino)  diphenylmethane,  As  the  yields  of  A,  and  B,  are  approximately  equal,  the  central 
methylene  group  must  be  activated  by  the  presence  of  two  adjacent  dimethylaminophenyl 
groups  as  statistically  the  chaixje  of  attack  on  N-J.1e  should  be  four  times  that  of  attack 
on  the  central  dig. 
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N.N-jJdmethyl-t-butylapdJie  and  di-t-butyl  peroxide. 

(i)  N,N,-Dimethyl-t“butylainine  (2,53g.)  and  di-t-butyl  peroxide  (0.73g.)j 
(i,e, ,  5  moles ;1  mole),  were  heated  in  a  sealed  tube  for  87  hours  at  132°.  Gas 
chromatography  using  6ft,  silicone  oiU/oalite  column  at  19°  showed  that  t-butanol  and 
no  acetone  had  formed.  Distillation  at  reduced  pressure  at  the  water  pump  gave 
N,N*-dlmethyl4I,N*-di-t-butylethylenediainine,  b,p,  95 /i  5  mb,  >  n  ^  1,i*44fl, 

/Pound:  0,70.7;  H,13.8;  N,13.55pS.  r«<inires  0,  7i.9;  H, 12^.1;  N,14.0^. 

The  yield  of  substituted  ehtylenediamine  (0.47g. ,  4"/^)  'wns  found  ty  0^s  chromatography 
on  the  above  colimn  at  122°  with  dibutylfoimamide  as  the  internal  standard, 

(ii)  N,N-Dimethyl-t>43utylamine  (5.05g.)  and  di-t-butylperoxide  (l,46g,), 

(i.e. ,  5  moles:  Imole)  were  heated  in  a  sealed  tube  at  125°  for  24  hours.  Gas 
chromatography  using  6ft,  silicone  oil/celite  column  at  37°  showed  that  t-butanol  had 
been  fomed  end  that  some  peroxide  still  remained.  Low-boiling  products  were  removed 
from  the  reaction  mixture  (4,52g. )  by  distillation  and  N,N'-dimethyl-W,N'-di-t- 
butylethylenediamine  collected  at  86°/l2  m.m  (0.43g,,  31^,  Distillation  at  the  oil 
pump  gave  a  higher  boiling  product  corresponding  to  a  dehydrogen otrimer,  b,p.  85  /0.05mm 
(0.28g.,  2790.  /Pound:  0,71.8,  H,  13.6;  N,  13.4^  °l8\l^3  G,72.2;  H,13.8; 

N,14.qg7.  A  residue  (0.15g.)  remained.  Gas  chromatography  using  6ft,  silicone  oil/ 
oelite  at  191°  with  a  flow  rate  1,7  litres  N^hour  showed  that  three  high-boiling 
products  had  been  fonaed,  N,N*  — dimethyl-NfH^*  ~dl— t— t>uty1.»thyl®nedi8Hdnfi  had  a  retention 
time  of  minutes,  and  the  product  b.p,  85°/0,05  mm.  showed  two  peaks.  The  largest 
(99^)  had  a  retention  time  of  30  minutes,  whilst  the  other  (590  had  a  retention  time  of 

21.8  minutes. 

N.N-Dimethvlisobutylamine. 

Isobutylamine  (73g.),  909^  foimic  acid  (260g, )  and  10??  formaldehyde  (l65g, ) 

(i.e,  1:5:2. 2  moles  respectively)  were  mixed  by  adding  a  mixture  of  the  aldehyde  and 
acid  dropwise  to  the  amine  with  ice-cooling  and  the  mixture  refluxed  for  17  hours. 
Concentrated  hy<3roohloric  acid  (45g.)  was  then  added  and  the  mixture  boiled  for 
15  mins.  The  mixture  was  then  made  alkaline  with  sodium  hydroxide  solution,  extracted 
with  ether,  dried  with  magneaium  sulphate  and  distilled.  The  product  b.p.  78-83°  was 
collected  and  was  reflinced  with  benzoic  anhydride  (20g.)  for  two  hours  and  then 
distilled  b.p,  80-81°,  This  product  was  redistilled  from  solid  potassium  hydroxide 
and  stored  over  sodium,  b,p.  80-8l°,  n^^^j  1.3935* 

N  .N-Dimethvl-2-methyl-prop-1  -envlandne. 

Iscbutyraldehyde  (36g,)  In  pentane  (10O  ml.)  with  much  anhydrous  magnesium 
sulphate  were  cooled  to  0°,  Anhydrous  dimethylamine  (22. 5g.)  in  pentane  (50  mis), 
also  cooled  to  0°,  was  added  dropwise  with  stirring.  After  two  hours  the  magnesiun 
siiLphate  was  replaced  by  anhydrous  calcium  sulphate  and  stirred  for  one  hour  before 
being  filtered.  The  infrared  spectrum  of  the  filtrate  shovred  a  voiy  strong  aldehyde 
peak  at  1729  cm  and  no  enamine  peak  at  1670  cm  .  The  solvent  was  distilled  off 
slowly  over  two  hours  and  the  excess  of  aldehyde  collected  at  55"^1°.  The  product, 

N,N-diroethyl-2-methyl-prop-1-enylamine  distilled  at  85-87°,  (9g.).  This  product 

••1  ' 

showed  the  enamine  peak  at  1670  on  in  the  infrared  and  was  ah,<iwn  to  contain  a  little 
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aldehydei  by  gas  chromatography  using  6ft,  silicone  oil/celite  column  at  20°  with 
a  flow  rate  of  2  litres  N^hour,  The  retention  time  of  isobutyraldehyie  was  3.5  Join, 
the  enamine  12,4  minutes,  and  N,N-4imethylisobutylaniiae  9.5  minutes. 

Addition  of  dinitropheiiylhydrazine  solution  to  a  solution  of  the  enamine  in 
methanol  gave  oiystals  of  the  derivative  of  isobutyraldehyde  nwp,  183-5°. 

N.N-Dimethvlisobutylamine  and  di-t-butvl  peroxide. 

(i)  N,N,-  Dimethyliaobutylamine  (l1.50g.)  and  di-t-butyl  peroxide  (3.32g,),  i.e,, 

5  moles: 1  mole),  were  heated  in  a  sealed  tube  under  nitrogen  at  126°  for  90  hours. 

Gas  chromatography  of  the  reaction  mixture  using  6  ft,  silicone  oil/ oelite  column  at  20 
showed  that  t-butanol  and  no  acetone  were  formed.  There  was  also  no  N,N-diraethyl-2- 
methyl-prop-1 -enylsmine  present  in  the  diromatograph.  The  reaction  mixture  (l2,33g,) 
was  then  distilled  at  atmospheric  pressure  (bath  140°)  to  leave  a  residue  (3,43g.  > 

88^  if  assumed  to  be  dehydrogenodimer).  The  distillate  did  not  show  an  enamine  band 
in  its  infrared  ^ectruin.  The  higher-boiling  residue  showed  a  weak  band  at  1^75  cm  . 
However,  on  hydrogenation  with  Adam's  Platinum  Oxide  Catalyst  (0, 13g.)  in  methanol  for 
21  hours  at  20°  at  atmospheric  pressure  the  residue  (l,08g, )  had  only  token  up  a  small 
amount  (l70  c,o. )  of  hydrogen  and  this  was  probably  the  amoimt  taken  up  by  the  catalyst. 
Gas  chromatography  on  the  silicone  oil  column  at  121°  ^dicated  a  single  high-boiling 
product.  With  4  ft.  silicone  oil/celite  column  at  100  (flow  27ml/min)  using  the  pye- 
Argcn  Gas  Chromatograph  the  presence  of  a  small  amount  of  a  second  high-boiling 
conpound  which  had  a  retention  time  close  to  that  of  the  main  peek  (24  minutes)  was 
indicated.  This  second  compound  thus  appears  to  be  a  carboryl  compound  rather  than  an 
enamine, 

(ii)  N,N-Dimethylisobutylandne  (2.64g.)  and  di-t-butyl  peroxide  (0,79g.)  were  heated 

in  a  sealed  tube  under  nitrogen  for  49  hours  at  122°.  Low-boiling  products  (2.5g.) 

were  removed  by  distillation  at  atmospheric  pressure  (bath  temperature  130°).  The 

higher-boiling  products  were  then  distilled  at  reduced  pressure  (water  punp).  The 

product  N.N-dimethvl-H.N'  -diisobutylethvlenedianiine  (0.26g. ,  .  b.p,  80°/l5  mm., 

n^^jj  1,4370,  was  collected  in  four  fractions  v/ith  the  bath  temperature  120-200°,  All 

fraotims  had  identical  refractive  indices  and  infrared  spectra  thus  indicating  a  single 

compound,  and  gas  chromatography  of  each  fraction  showed  a  single  peak,  retention  time 

30  mins,  using  6ft,  silicone  oii/celite  column  at  113°,  flow  1,9  litres  Ng/  hour. 

Spectra  of  the  product  in  the  near  infreu^d  were  dons  using  the  Perkin-Elraer  Model  21 

spectrophotometer  with  a  lithium  fluoride  prism.  The  spectra  were  ocmpared  with  those 

of  N,N-dimethylisobutylamine,  N,N-dimethyliscpropylomine,  Euid  the  prodiwt  of  the  latter 

reacted  with  di-t-butyl  peroxide,  Prcm  these  it  was  concluded  that  a  band  corresponding 

to  CH-  had  appeared  in  the  "dimeric"  product  at  2869  cm  and  that  the  regioi  2844- 
^  •-I 

2750  cm  had  altered  in  the  "dimeric"  structures  and  was  the  same  for  both  the  isobutyl 
and  the  isopropyl  cases.  It  was  then  probably  associated  v/ith  the  substituted 
ethylenediamine  structure  and  not  with  the  structure  with  attack  initially  on  the 
N-methylene  group. 

N  .H-Dimethvlisopropylaniine. 

Isopropylamine  (59g.),  90^  formic  acid  (260g. ),  and  formaldehyde  (l65g,) 
(i.e.,  1:5: 2. 2  moles  respectively),  werre  mixed  and  refluxed  for  10  hours.  The  mixture 
was  worked  up  as  before  in  the  methylatioi  of  N,N-dimethylisobutylamine,  to  give 
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N,N-4ijiiathyli3opropylamlne  b.p.  66°,  1.3921,  piorate  n,p.  245°, 

(litj'’  b.p.  67-67.5°). 

N.N-Dimeth.vlisoprcp.vlamlne  and  di-t-butyl  peroxide. 

N,N-4)imetliyliaopropylainine  (4«3g.)  and  di-t-butyl  peroxide  (l.46g.),  (i.e. 

5  molest  1  mole)  were  heated  In  a  sealed  tube  under  nitrogen  at  122°  for  72  hours. 

About  half  of  the  contents  cf  the  tube  were  above  the  oil  level  of  the  heating  bath. 
The  reaction  mixture  was  distilled  at  a  bath  temperature  of  1 00°  to  give  a 
distillate  (4,29g.),  b.p.  70°.  The  residue  was  distilled  at  reduced  pressure 
(water  pump)  to  give  a  high-boiling  product,  N .N '  -dimethyl-^ .N *  -diisopropylethvl- 
enediamine  (0.l86g, ,  11^),  b.p.  60°/l5  nm.,  1.4392.  Di-t-butyl  peroxide 

would  have  been  lost  at  the  pump.  Gas  chromatography  of  the  reaction  mixture  using 

6  ft.  silicone  oii/oelite  column  at  18°,  flow  rata  2  litres  Ng/hour  showed  that  much 
di-t-butyl  peroxide  (not  estimated  quantitatively)  still  remained  and  that  t-butanol 
had  been  fomed.  Gas  chromatography  at  112°,  flow  rate  1,9  litres  Ng/hour  liiowed 
that  the  high-boiling  product  consisted  of  a  single  compound  and  had  retesntion  time 
19.5  minutes.  The  infrared  spectrum  of  the  product  showed  a  weak  band  at  1675 
similar  to  that  of  the  product  of  the  N,N-dimethylisobutylamine  oxidaticai.  Spectra 
in  the  near  infrared  region  had  a  band  at  2869  cm  corresponding  to  dig  and  not 
present  in  the  parent  amine.  Comparison  with  the  product  of  NjN-dimethylisobutyl- 
amine  oxidation  suggested  the  substituted  ethylenediamine  structure,  Ihirther 
evidence  that  this  is  the  structure  is  supplied  by  the  fact  that  another  possible 
dehydrogenodimer,  2,3-bis(dimethylamino)-2,3-dimethylbutano  has  a  lower  boiling 
point,  149°,^^ 

Competitive  experiments. 

Competitive  experiments  have  been  dene  on  N,N-dimethyl-t-butylomine, 
t-butylmetlylether,  and  dimethyloniline  using  di-t-butyl  peroxide  as  the  oxidising 
agent.  The  results  are  compared  with  parallel  experiments,  by  A.  Reid  of  this 
department,  on  dime  thy  laniline,  anisole  and  t-butylmethylsther.  The  experiments 
were  done  in  se^ed  tubes  with  the  liquid-containing  portion  immersed  in  an  oil  bath 
at  125-129°  for  168  hours.  The  substrates  were  estimated  using  gas  chromatography 
at  the  expierimental  conditions  given  below.  The  yields  are  based  on  the  amount  of 
substrate  vhich  has  been  used  compared  with  the  amount  which  could  have  been  used 
if  all  of  the  peroxide  had  attacked  it  specifically  in  the  stoioiemetrio  ratio  of 
one  mole  of  peroxide  to  two  moles  of  substrate.  The  term  ''dimer"  in  the  tables 
refers  to  this  latter  amount. 

In  the  experiments  with  amines  acetone  was  f  oimed  only  in  trace  amount.  The 
experiments  were  heated  for  a  long  time  in  order  tliat  all  of  the  peroxide  would  have 
been  decomposed.  This  had  happened  in  all  cases  except  in  that  of  Bu^NMeg  and 
ai'f^CBte  in  table  II  where  i+  was  shown  that  (0. 01g. ,  ^,l^)  still  remained. 


imjE  I 


T/lBLB  II 


Substrate 

Column 

Internal 

Standard 

Column 

Internal 

Standard 

Bu^CJMe 

6ft,  Silicone 
•ii/celite 

19°. 

6ft.  T.X,P./ 
celite,  19°, 

Dioxane 

Cyclohexane 

* 

6ft.  T.X.P./ 
celite,  19°. 

Cyclohexane 

Y 

Bu  NMOg 

6ft,  Silicone 
oil/  celite 

19°. 

Toluene 

6ft.  Silicone 

oil/cell'fc® 

19°. 

Cyclohexane 

PHNMeg 

6ft.  Silicone 
oiVcelite 
122°. 

Dibutyl- 

foimamide 

6ft.  Silicone 
oiVoelite 

126°. 

Diethyl- 

aniline 

6ft,  Silicone 
oii/oslite 

30°. 

Amyl 

bromide 

6ft.  Silicone 
oil/  celite 

30°. 

Amyl 

bromide 

*  ^«X.P;»trix.vXvlphosphate« 


The  competitive  experiments  in  Table  I  have  been  done  with  mole  ratios  of 
2.5j2.5s1  where  the  peroxide  is  in  the  least  ccnoentration.  An  exception  is  the 
anisole:dimsthylaniline; peroxide  experiment  where  the  ratio  is  25:2, 5s1«  In  Table  II 
all  the  experiments  were  done  with  mole  ratios  of  5:5,1  ^vhere  the  peroxide  is  again 
in  the  least  concentration. 


TABLE  I 


Bu"'^NMe2 

Bu'^OHe 

Bu'^ieg 

PhUMeg 

Start 

2.525g. 

2.20g. 

1,26g, 

1.51g. 

Finish 

1.225g. 

1.96g, 

0.885g. 

0.95g. 

Used: 

1.30g. 

0.24g. 

0,38g. 

0, 56g. 

%  used  (based 
on  weights) 

5i.e?2 

10.9^ 

29,9fo 

36,9^ 

peroxide  used 

1.46g, 

0.73g. 

"Dimer” 

2,02g. 

1,76g. 

I.OIg, 

1,21g. 

%  used  (based 
on  peroxide) 

64,^1^ 

13.75S 

37.4?S 

4^ 
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TmiS  1  (ccntd.) 


Reid’ a 

PhOMe 

PhNMe 

PhCMe 

Start 

6.75g.9 

0.76g. 

1.75g. 

2.13g. 

Finish 

6.53g. 

0.39g. 

1.26g, 

1»13g. 

Used, 

0.22g. 

0.37g. 

0.49g. 

1.00g. 

used  (based 
on  wei^ta) 

3.5% 

U-^% 

23.7% 

479? 

Percacide  used 

0.365g. 

1.l5g. 

"Dimer" 

0.54g. 

0.605g. 

1.37g. 

1.70g, 

^  used  (based 
on  peroxide) 

40.5S!J 

61,^ 

35.1% 

i 

5Q.5% 

TAELE  II 

Bu^ieg 

Bu'^^CMe 

Bu^teg 

PhNMeg 

Start 

2.52g. 

2.20g. 

2,525g. 

3.02g. 

Finish 

1.90g. 

2.24g. 

2.36g. 

2.53g. 

Used 

0, 62g. 

- 

0,1 65g, 

0.49g, 

%  used  (based 
on  weights) 

2k.7% 

-- 

6.^ 

Peroxide  used 

0,72g. 

0.73g. 

"Dimer" 

0.99g. 

0,87g. 

I.OIg, 

1.21g, 

^  used  (baaed 
on  peroxide) 

62.7% 

- 

i6.3^ 

2t0.d% 

Reid’  8 

PhOMe 

PhNMeg 

Bu"*^OMe 

PhCMe 

Start 

2,66g. 

2.95g. 

2.20g, 

2,67g. 

Finish 

2.67g. 

2.00g. 

1.33g. 

2.32g. 

Used 

- 

0.95g. 

0.87g. 

0,35g. 

jS  used  (based 
on  weights) 

- 

32% 

39.7% 

Peroxide  used 

0.7lg. 

0.7lg. 

"Dimer" 

1.02g. 

1.l6g. 

0,85g. 

1.02g. 

%  used  (based 
on  peroxide) 

- 

82^ 

100^ 

3lS 
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Dimethyl-p-toluidiiie .  di-t-butyl  percoclde  in  acetone. 

Dimothyl-p-toluidine  (6,76g,),  di-t-butyl  peroxide  (l.47g.),  and  acetone 
(22,3g,),  (i.e.  in  mole  ratios  5:1:40  respectively),  were  irradiated  for  65  hours. 
Gas  chromatography  using  6ft.  silicone  oil/oalii®  column  at  55°  with  mr-xylene  as 
internal  standard  showed  that  Oi67g.  of  the  peroxide  had  deccc^josed.  Gas 
chromatography  at  110°  showed  that  the  peak  corresponding  to  ddmethyl-p-toluidine 
was  altered  from  that  of  the  pure  amine  in  that  the  peak  did  not  cut  off  sharply. 
This  behaviour  was  repeated  on  adding  methyl-p-toluidine  to  the  pure  amine. 

Acetone  and  t-butanol  were  removed  from  the  reaction  mixture  (28,5g.)  by 
distillation  at  atmospheric  pressure,  and  the  excess  of  amine  (3.3g. )  collected 
at  106°/15  mm.  Acetic  ^phydride  (5  mis.)  and  acetic  acid  (Smls.)  were  added  to 
this  distillate  and  the  mixtirre  warmed  on  the  steam  bath  for  1  hour.  Water  was 
then  added,  the  solution  made  acidic  with  dilute  hydrochloric  acid  and  extracted 
with  dichloromethane.  The  organic  layer  was  dried  with  ma@iesium  sulphate  and  the 
solvent  evaporated.  The  residue  was  the  acetate  of  methyl-p-toluidine  (0,15g,)  nup. 
and  mixed  m.p,  83°,  This  yield  corresponds  to  O.llg.  of  dimethyl-p-toluidSne 
having  been  demethylated. 

The  residue  (2,56g. )  frcm  the  distillation  was  chromatographed  on  activated 
alumina  (l00g.).  Dimethyl-p-tol\jidine  (0,4g,)  eluted  with  petrol,  and  elution 
with  benzend/pstrol  (l:20)  gave  N,N’-d3methyl-N,N’-di-p-tolylethylenediomine, 
(Qtk6g,,  4C^,  m,p,  and  mixed  nwp,  80°.  The  infrared  spectrum  was  identical  with 
that  of  the  authentic  and  there  was  no  trace  cf  any  of  the  oharacteristio  bonds  of 
5»  6, 1 1 , 1 2-totrahydro-2 , 5  >8 , 1 1  -tetramethylphenhoraazine. 

Further  elution  with  benzenVp^l^rol  and  benzene  gave  a  brown  liquid  (l,27g,). 


SYNTHESIS  OF  CIS-AITO  TRAMS-  1 .2.5-TRIMBTHnfmOiLIDINE. 

2 . 5-Pimethvlp-Vrrole. 

2,5-Hexanedione  (l9Q2>  1,7  molo)  and  ammonium  carbonate  (400g. ,  3,5  mole), 
were  placed  in  a  2-litre  flask  and  the  mixture  heated  on  an  oil  bath  at  100°  for 
2  hours.  Sublimed  carbonate  was  not  allowed  to  block  the  air  condenser.  The  air 
condenser  was  then  replaced  by  a  water-cooled  condenser  and  the  mixture  refluxed 
gently  for  one  hour  at  a  bath  temperature  of  115°,  mixtim^  was  cooled  and  the 

upper,  yellow  layer  of  the  pyrrole  separated.  The  lower  layer  weis  extracted  with 
otiloroform  (50  ml.  )  which  vma  added  to  the  crude  pyrrole  and  the  vihole  was  dried 
over  calcium  chloride  in  an  atmosphere  of  nitrogen  in  a  tightly  stoppered  flask. 

The  chlorofoim  was  then  distilled  under  reduced  pressure  and  the 
dimethylpyrrole  (l37g.,  875S)  collected  at  72-75/25  mm.,  n^^®  1.4-997*  (litl^ 

1,550).  Nitrogen  was  admitted  to  the  distillation  apparatus  after  pressure  release 
and  the  product  was  stored  vinder  nitrogen  in  the  dark. 

Reduction  of  2.5-Dimethylpyrrole. 

14. 

The  reduction  was  done  by  the  method  of  Andrews  and  licElvain, 
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Hydrochlorio  acid  (1500  ml.  of  2C^  was  placed  in  a  5-litre  flask  and  cooled 
to  Zinc  dust  (600g,)  was  then  added  with  stirring  and  2,5-<iiinethylpyrrole 
added  dropwise  with  the  temperature  of  reaction  kept  between  0-10  *  Mien  all  of 
the  pyrrole  had  been  added  concentrated  hydrochloric  acid  (900  ml.)  was  added  a^d 
the  mixture  stirred  far  if  hours  at  room  temperature.  The  liquid  was  then  filtered 
using  a  Buchner  funnel  to  remove  zinc,  and  was  made  alkaline  by  the  cautious  addition 
of  sodium  hydroxide  flakes.  The  mixture  was  steam  distilled  until  about  one  litre 
of  distillate  ivas  collected  and  there  was  no  smell  of  amine  in  the  distillate. 
Anhydrous  potassium  carbonate  was  added  to  the  distillate  until  it  tos  saturated  but 
did  not  have  solid  carbonate  present.  The  upper  pyrroline  layer  was  separated  and 
the  lower  layer  extracted  with  ether.  The  organic  layers  were  combined,  shaken  with 
solid  potassium  hydi'oxide,  filtered  and  dried  with  magnesium  sulphate  and  then  with 
caloivffii  suljdiate.  Distillation  gave  the  product  (72. 7g,)  b.p,  103-110°, 

The  2, 5 -dime thyl-A' -pyrroline  and  2,5-dlmetl^yl-A^-pyrroline  formed  during  the 
reduction  of  2,5-dimethylpyrrole  msy  be  separated  by  the  differences  in  solubility  of 
their  piorates.  It  was  found  that  the  calculated  amount  of  picric  acid  for  formation 
of  the  piorates  must  be  used  as  an  excess  of  picido  acid  subsequently  interfered 
with  the  separation. 

The  pyrroline  distillate  (32g.)  was  treated  with  a  solution  of  picric  acid 
(8lg.)  in  ether.  A  yellow  precipitate  m.p.122°  immediately  formed  and  this  was 
recrystallised  twice  from  n-butanol  to  give  2, 5-dimethyl-A' -pyrroline  piorate  (37g, )» 
j®«p,  135-136°,  Evaporation  of  the  butanol  mother  liquor  and  additicm  of  n-butyl 
ether  afforded  a  few  grams  of  the  A'  product.  Evaporation  of  the  ethereal  filtrate 
afforded  an  oil  more  dense  than  ether.  On  standing  this  oil  solidified  to  give  a 
product  (37g.)  which  on  crystallisation  from  ether  corresponded  to  2,5-^'^-pyrroline 
picrate  m,p.  105-1 07°» 

The  pyrrolines  were  regenerated  from  their  piorates,  2,5-Dlmethyl-A' -pyrroline 
piorate  (546.)  was  crushed  to  a  powder  and  suspended  in  water  (65O  ml.)  Concentrated 
hydrochloric  acid  (51  ml.)  was  added  and  the  mixture  stirred  for  several  hours.  The 
precipitated  picric  acid  was  filtered  off  under  pressure  and  the  filtrate  extracted 
with  ether  imtil  the  ethereal  layer  was  not  yellow  thus  showing  that  all  the  picric 
acid  had  been  extracted,  Hie  aqueous  acidic  solution  was  made  basic  with  potassium 
carbonate  and  the  product  was  extracted  with  ether  and  dried  with  magnesium  sulphate. 
Distillation  ^ve  2, 5-dimethyl-A’ -pyrroline  b.p,  110-112°,  1.4362,  The 

infrared  spectrum  of  the  product  was  consistent  with  the  structure,  the  main 
feature  of  the  spectrum  being  the  C=N  band  at  1645  cm”\ 

2,5-Dimethyl-A^-pyrroline  was  obtained  by  a  similar  regeneration  from  the 
piorate  as  for  the  A' -ccopound.  The  product  had  b.p.  103-105°  1.4427,  and 

the  infrared  spectrum  was  consistent  with  the  structure.  There  was  no  band  at 

1645  cm,  ^ 

The  retention  times  cn  6ft,  silicone  oil/c®lite  column  at  44  ,  flow  1,9  litres 
Ng/hour  were  for  the  A’ -pyrroline,  16  minutes,  and  for  the  A^-pyrroline ,  11  minutes. 
Gas  chromatography  showed  that  both  products  were  essentially  pure. 


Reduotiati  of  2  ■  5-Dimeth.ylpyrrolinea, 

2,5-DiJiietl^yl-A^-pyrroliJie  (J^Sg)  were  dissolved  in  glacial  acetic  acid  (50  ml) 
and  Adam's  Platinum  Oxide  Catalyst  (0.23g.)  added,  The  mixture  was  then  shaken  in 
an  atmosphere  of  hydrogen  in  a  medium-pressure  hydrogenator  at  pressures  between 
3,7  and  2,5  atmospheres  at  room  ten^perature.  Uptake  of  hydrogen  was  rapid,  the 
hydrogenation  being  virtually  con^lete  in  two  hours.  The  mixture  was,  however, 
shaken  for  22f  hours.  The  volume  of  hydrogen  absorbed  w-as  approximately  that  required 
theoretically  (1  litre). 

The  catalyst  was  filtered  off  and  the  filtrate  was  made  alkaline  with 
potassium  hydroxide  solution  with  cooling.  The  amine  was  extracted  with  ether  and 
the  ethereal  solution  dried  with  magnesium  sulphate.  The  ether  was  distilled 
through  a  Penske  column  to  leave  a  residue  which  on  gas  chromatography  using  6ft. 
silicone  oil/celite  column  at  42*.°  had  the  same  retention  time  (11  minutes)  as  had 
the  starting  material.  However,  the  picrate,  made  in  ether,  had  m.p.  125-127° 

(Lit.^^  128-13i5),  and  so  hydrogenation  to  trans-2 . 5-dimothylpyrrolidine  had  taken 
place.  As  only  a  small  ether  peak  was  present  in  the  gas  chranatograph  it  was 
decided  to  use  this  material  without  further  purification, 

0i3-2 . 5-Dimethvlp.vrrolidine  was  made  by  reduction  of  2, 5-dime thyl-A'-pyrroline 
(6,9g)  using  0.47g«of  catalyst  in  acetic  acid  in  a  manner  similar  to  that  of  the 
reduction  of  the  A^-con^ound,  Approximately  the  theoretical  amount  of  hydrogen 
(1,5  litres)  was  again  absorbed.  Gas  chromatography  using  6ft,  silicone  oil/oelite 
coltlmn  at  43°  showed  that  the  product  had  a  shorter  retention  time  (11»5  minutes) 
than  had  the  A*-octnpound,  A  small  amount  (  <  ^)  of  the  A' -compound  still  remained 
but  the  product  was  considered  pure  enough  for  the  next  stage,  Ci3~  and  trans- 

2.5- >Dimethylpyrrolidine  have  b,p.  106  and  104°  respectively  and  so  would  be 
expected  to  have  almost  identical  retention  times, 

1.2. 5- Trimeth.vlp.ViTolidine3. 

, trans-2, 5-Dimethylpyrrolidine  (20g. )  fomiic  acid  (l0.2g,  of  9C^,  and  aqueous 
formaldehyde  (20g.  of  were  mixed  and  refluxed  for  12  hours.  Concentrated 

hydrochloric  acid  (l2  ml.)  and  water  (l2  ml.)  were  added  and  the  mixture  boiled  for 
20  minutes.  The  solution  was  made  alkaline  with  sodivan  hydroxide  and  extracted  with 
ether.  Gas  chromatography  of  the  ethereal  solution  shovred  that  two  emine  peaks  were 
present  in  the  mixture.  The  ether  was  distilled  off  from  the  mixture  and  the 
methylation  stage  repeated  asing  the  same  quantities  of  formic  acid  and  formaldehyde 
and  refluxing  for  4  hours.  On  working  up  as  before  the  gas  chromatograph  again 
showed  two  peaks.  The  amine  product  was  then  refluxed  with  benzoic  anhydride  (l0.g) 
euid  distilled.  The  gas  chranatograph  again  showed  two  peaks  of  the  same  relative 
intensity  as  before.  The  peak  present  in  smaller  amount  (2C^)  corresponded  to  the 
product  obtained  from  the  methylation  of  the  oi3-2, 5-dime thyl-pyrrolidine  (retention 
time  12  minutes  on  6ft,  silicone  oil/celite  column  at  43°)  whilst  the  major  peak  had 
retention  time  of  18  minutes.  Repeated  distillaticn  using  a  Penske  column  gave  trans- 

1.2. 5- trimethylp.vrrolidine .  b.p.  1l6°,  n^^®  1,4325.  ^ound:  0,72.6;  H,12,7?S. 

required  C,72f,3;  H,13,2^^,  The  picrate  was  made  using  ethereal  picric  acid 
and  was  reorystallised  from  ethanol,  nup.  125°.  /Pound:  0,45.8;  H,  5*5;  N,  16,3^ 
requires  0,  45*6;  H,  5,3;  N,  l6,2*jS_/  ,  The  infrared  spectrum  as  a  liquid 
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film  ahowecl  strong  bands  at  2945,  2780,  1450,  1370,  1320,  1215,  1200  an.~\  and 
weaker  bands  at  1343,  1175,  1120,  1060  and  1040  cin'”\ 

Ois-2 . 5-Dlmethvlp.vrrolidine  (8g,),  fcimio  acid  (4,2g.  of  90^  and  aqueoxis 
formaldehyde  (8g,  of  30^  were  mixed  and  refluxed  for  17  hours.  The  solution  was 
worked  up  as  for  the  trans-compound.  Distillatioin  gave  cia-1 ,2,5-trijnethylpyrrolidine 
b.p.  108°,  1.4260.  ^ound:  0,73.0;  H,  0^^^  required  0,  74.3; 

H,  13.i^C/*  picrate  was  imde  using  ethereal  picric  acid  and  tos  recrystallized 

from  ethanol,  m.p.  125°.  ^ound:  ,0,45.6;  H,  5.4;  N,  l6,i^,  O^^^gN^O^  requires 

0,45.6;  H,  5.3;  N,  i6,4^j7.  The  infrared  spectrum  as  a  liquid  film  showed  strong 
bands  at  2945,  2780,  1450,  1370,  1320,  1205  cm~\  and  weaker  bands  at  1340,  1305, 

1115,  1055  om  .  Hie  product  was  ptire  (>95^  as  shown  by  gas  chromatography  on 
6ft.  silicone  oil/celite  column  at  43°  and  72°.  The  retention  time  at  43°  was 
12  minutes, 

I . 2.5-Trimeth.Vlpyrrolidine  and  di-t-but.vl  peroxide. 

oia-1 .2.5-TrimethvlpvrrQlidine  (0.232g. )  and  di-t-butyl  peroxide  (0.063g.), 

(i, e. ,  4,8  moles;  1  mole),  were  heated  in  a  sealed  tube  under  nitrogen  at  126°  for 

36  hours.  The  reaction  mixture  was  analysed  by  gas  chromatography  on  the  Griffon  and 

George  V.P.C.  apparatus  using  6ft.  silicone  oil/celite  column  at  58°,  flow  1.9  litres 

Ng/hour,  t-Butanol  was  formed  ani  the  amine  was  estimated  using  o-xylene  as  internal 

standard  to  show  that  0.060g.  (6290  had  been  used  in  the  reaction. 

The  experiment  was  repeated  using  the  trans-isomer  and  also  a  mixture  of  ois  and 

trans.  The  oon^etitive  experiment  vms  also  dene  by  irradiation  of  the  mixture  in  a 

quartz  sealed  tube  using  the  Hanovia  ultra-violet  lanp  at  a  disteince  of  9  cms.  for 

♦ 

5  hours.  The  results  of  the  experiments  are  shown  in  the  table.  Higher-boiling 
products  of  the  oxidation  were  not  looked  for  because  of  the  small  seale  of  the 
experiments  but  a  preliminary  gas  chromatographic  survey  using  6ft.  silicone  oil/ 
celite  at  90°  showed  the  presence  of  a  product  with  a  retention  time  of  15  minutes. 

A  criticism  of  the  experiments  is  that  the  trans-isomer  "tails”  under  the  gas 
chromatographic  conditions  used.  Attempts  to  use  other  columns  such  as  polyethy- 
lethylene  glycol  succinate,  apiezon,  and  silicone  oil  on  the  Pye  Argon  apparatus 
d:H  not  allow  a  differentiation  of  the  cis  and  trans  forms.  The  amounts  of  materials 
used  in  the  experiments  are  too  small  for  very  accurate  results  as  the  changes  in  the 
absolute  amounts  are  very  small  and  accuracy  is  probably  to  The  results  do, 
however,  shew  that  there  is  no  interchange  of  cis  -  trans  forms  during  reaction  as  the 
experiments  with  the  single  amines  did  not  show  production  of  the  other.  In  the 
ccepetitive  experiments  more  of  the  trans-fom  reacted. 


*  Table  III, 
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lABLiB  III 


1 .2.5-TRDjB'rrinjTOaLI])II'TE  DI-T-BUTXL  PSHCgCIOE 


Decomposition 

Theiroal 

Thermal 

Theimal 

U.V, 

Peroxide 

0.0626g. 

O.0315g. 

0.0475g. 

0,1014g. 

Amine  at 
start 

0.2322g. 

ois 

0.1493g. 

trans 

0»0866g, 

cis 

0.0912 

trans 

.  0.l600g. 
cis, 

0.1599g. 

trans 

Amine  used 

0. 0603g. 

O.Ol76g. 

0, 0206g. 

cis 

0.0250g. 

trans 

0.0332g. 

cis 

0,044-18. 

trans 

Amine  oalc'd 
to  have  been 
used 

0.0969g. 

0.0489g. 

0.0735g. 

0.1 57g. 

%  amine  used 

62^ 

36?5 

28^  ois 

3^  trans 

21^  cis 

28j{  trans 

Mole  ratio 

Amine :  peroxide 

4.8:1 

6  :  1 

2,35  cis 

2.48  trans 

2,0  cis 

2,0  tranS^ 
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Dimethvlaniline  and  di-t-butyl  peroxide  iJi  acetic  aoid. 

(i)  Dimethylaniline  (6.05g)  and  di-t-butyl  peroxide  (1»46  g«),  (i»e.  5  moles: 

1  mole),  in  a  mixture  of  aoetic  acid  (30  ml.)  and  water  (30  ml.)  were  refluxed  for 
17  hours.  The  solution  became  violet  after  a  few  minutes.  The  acetic  acid  and 
water  was  distilled  at  atmospheric  pressure.  Water  was  then  added  and  the 
mixture  made  alkaline  with  sodium  hydroxide  and  extracted  with  ether.  The  elhhereal 
solution  was  acidified  with  dilute  hydrochloric  acid  and  the  organic  Isyer  dried 
with  magnesiian  sulphate  end  the  solvent  evaporated.  There  was  no  residue  of  amide. 
The  acidic  solution  was  made  alkaline  with  sodium  hydroxide  and  extracted  with 
diohlorome thane.  The  organic  layer  was  dried  with  magnesiim  sulphate  and  distilled 
to  give  dimethylaniline  (4.6g.),  This  distillate  on  gas  chromatography  on  6  ft, 
silicone  oin/oelite  column  at  139*^  showed  no  peak  corresponding  to  monomethylaniline. 
The  residue  (0.30g. )  was  dissolved  in  benzen^petrol  and  chromatographed  on 
activated  alumina  (lOOg.)  Elution  with  benzene/petrol  (1:3)  gave  dimethylaniline 
(0.02g, ),  ^  1.5509.  Further  elution  with  benzene/petrol  (3:1)  end  with  benzene 

gave  4,4*-bia(dimetl'jylamino)diphenylmethane,  (0.177g,  5^),  m,p,  and  mixed  m,p,  88°, 
The  infrared  speotnm  was  identical  with  that  of  the  authentic  material.  Elution 
with  benzene  gave  a  solid  m.p.  176*^  (0,028g. ,  1^),  With  N,N,N' ,N' -tetramethyl- 

benzidine  the  mixed  m,p,  %vas  155*^,  and  mixed  ciystallizaticn  of  4>4'-his(dimethyl- 
8mino)diphenylia9 thane  and  tetremethylbenzidine  gave  a  product  m,p.  84°.  The 
infrared  spectrum  of  this  mixture  was  the  same  as  a  superposition  of  the  infrared 
spectra  of  the  separate  components  and  was  different  from  that  of  the  solid  nup, 

176°.  On  reorystallization  from  ether/benzene  the  m,p»  was  179°,  mixed  m,p.  with 
4,4'4*-tria(dimethylomino)triphsny]jnethane  (leuco  crystal  violet)  was  179°,  The 
infrared  spectra  were  identical,  ^Pound:  0,80.3;  H,  8,2;  N,  11,2^.  Caic.for 
^25^31^3:  H,  8,4;  N,  11,2^^,  The  authentic  leuco  crystal  violet  was  made 

by  the  sodium  borohydride  reduction  of  crystal  violet  in  methanol.  Elution  vdth 
ether  gave  a  small  amount  of  oil  (0,02g.)  which  in  acetone  gave  a  violet  solution. 
Total  amount  eluted  from  the  coliaran  was  0.28g, 

(ii)  The  experiment  was  repeated  using  dimethylaniline  (36,30g.),  di-t-butyl 
peroxide  (8,76g),  and  aqueous  aoetic  acid  (36O  ml.  of  50??)  refluxed  for  50  hours. 

On  working  \;tp  as  before  the  products  obtained  were  4,4' -his  (dimethylamino)  diphenyl - 
methane  (l.62g. ,  11^  and  leuco  crystal  violet  (0,22g, ,  1^),  Other  products  were 

a  yellow  oil  (0.14g.)  eluted  with  ether/benzene  (l:l)  and  a  purple  oil  (0,13g,) 
eluted  with  ether/mathanol  (20;l).  Other  coloured  oxidation  products  were  removed 
from  the  ooluim  on  elution  with  more  polar  ether/methanol  solutions. 

Yields  are  calculated  according  to  the  eqmtions, 

3rhNMe2  +  (MejCO)^ (CgH^KMe^g  GHg  +  HiNHMe  +  Me^COH 

4PhNMe2  +  2(Me^C0)^  (CgH^NMeg)^  CH  +  PhNHMe  +  4Me^CCK 

PhNHMe  +  MeCOCH  - >  PhNMeCCMe  +  H^O 


(iii)  Dimethylaniline  (6.06g.)  and  di-t-butyl  peroxide  (l,2f6g,)  (i.e, ,  5  moles 
:  1  mole)  in  glacial  acetic  acid  (58  hiI.)  and  acetic  anhydride  (2  ml.)  were  heated 
for  17  hours  at  reflux.  The  acetic  acid  v/as  removed  by  distillation  and  water 
added  and  the  solution  made  alkaline  vdth  sodium  hydroxide.  The  solution  v/as 
extracted  with  ether  and  the  ethoteal  solution  washed  v/ith  dilute  hydrochloric  acid. 
The  ethereal  layer  after  drying  wi.th  nagnesium  sulphate  and  distillation  gave 
N-methylacetanilide  (0,355g. )  m.p.  and  mixed  m,p,  100°.  The  infrared  spectra  were 
identical. 

The  aqueous  acidic  extract  was  basified  with  sodium  hydrcacide  and 
extracted  with  dichloromethane.  Distillation  gave  dime thy laniline  (l,86g, )  and 
a  residue  (2,86g,)  which  v/as  dissolved  in  benzene/petrol  and  %vas  chromatographed 
on  activated  alumina  (l50g. ).  Elution  v/ith  benzene/petrol  (l:9)  gave  dimethylaniline 
(0,l6g,),  1.5578,  and  with  benzene/petrol  (l:4)  gave 

diphenylme thane  (l.37g. i  5J^,  nup.  and  mixed  m.p,  87°;  infrared  spectra  identical. 
Benzene/petrol  (3:1 )  gave  leuco  crystal  violet  (0, 22g, ,  12^),  m,p.  and  mixed  nup. 

176°,  The  column  had  developed  a  series  of  purple,  yellow  and  viiite  bands,  and  so 
was  cut  into  sections  and  each  section  eluted  separately.  In  order  of  appearance 
as  they  would  have  come  from  a  complete  column  were  a  purple  non-crystalline  solid 
(O.Oifg.)  eluted  with  ether;  N-methylacetanilide  (0.27g. )  m.p.  and  mij:ed  m,p.  100°, 
infrared  spectra  identical  eluted  with  benzene/ether  (l;l).  The  total  yield  of 
N-^nethylacetanilide  was  then  0.62g,  (8ii^.  Fran  further  up  the  column  was  eluted 
with  benzene/ether  (3:1  another  solid  (0,27g. ,  205^0  >  117-119°*  It  v/as 

reorystallized  from  benzen^petrol  to  give  m,p.  124  •  ^/ffound:  0,76.0;  H,7»7; 

N,  lO.C^.  4-Dime thvlsmino-(4'  Hnethvl-L*  aoetvl^  aminodiohenvlmethane .  O^^I^gONg 
requires  C,  76,6;  H,  7*85;.  N,  9,9fl^»  Further  elution  with  the  coloured  top  section 
gave  an  oil  (0. 15g. )  v^ch  in  acetone  or  methanol  gave  a  violet  solution. 

The  amide  m,p,  117-119°  showed  a  strong  amide  band  in  its  infrared 
spectrum  at  1645  can  .  Other  strong  bonds  v/ere  at  1520,  1370,  1350,  828  and  797  can  .. 
The  emide  was  refluxed  with  2C^  sulphuric  acid  for  several  hours  but  did  not 
hydrolyse  and  refluxing  with  concentrated  sulphuric  acid  produced  charring  and  no 
identifiable  products.  Hydrolysis  was  achieved  thus:  the  amide  (0.07g. )  v/as 
refluxed  with  sulphuric  acid  (2  ml)  f  or  40  minutes.  The  solution  was  basified 
with  aqueous  potassiian  hydroxide  and  extracted  with  dichloromethane,  ®ie  organic 
solution  was  dried  v/ith  magnesium  salphate  and  the  dichloromethane  distilled  to 
leave  a  solid  residue  m,p.  50°,  This  was  recrystallized  from  light  petroleum 
(b.p.  40-60°)  to  give  nup,  52°.  The  infrared  spectrim  showed  an  NH  band  at  3340cm  \ 
The  mixed  m.p.  with  4-dime thylaraino-4' -me thylaminodiphenylme thane  wras  52°  and  the 
infrared  spectra  were  identical, 

4-Dime  thvlamit^o-4'  Hnethvlaminodiphenylme  thane, 

p-Dimethylaminobenzyl  alcohol  (l.5g.)  and  p-toluidine  (0,75g*)  with 
1  drop  of  concentrated  hydrochloric  acid  as  catalyst  were  allowed  to  sit  at  37° 
for  12  hours.  The  product  was  crystallized  from  methylated  spirits  to  form  pale 
yellow  crystals  of  p-dimethylamino-p-tolylamine,  p-MegNCgH^GH^Oi  OgH^Me-^),  m,p,101°, 
(Lit,^^  m.p,  101°).  The  infrared  spectrum  had  an  NH  band  at  3420  cm~^.  A 
characteristic  group  of  bonds  iniicative  of  the  arcmatic  substituticn  were  at  825, 

816  and  807  cm""^  . 
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p-Cimetl^ylaanino-p-tolylamine  (0.09g. ),  methylaniline  hyiarocshloride 

(0.06g.)  and  metl^ylaniline  (0.2-l7g.),  (i«e, ,  in  mole  ratios  respaotiveljr) , 

were  heated  for  2  hoiirs  on  a  steam  bath.  The  mixture  was  made  strongl^y  alkaline  by 

the  addition  of  sodium  hy^oxi<ie  and  was  extracted  with  diohlorome thane.  The  organic 

layer  v/as  dried  vath  magnesium  sulphate,  the  solvent  was  evaporated,  and  the  residue 

ohrcmatographed  on  activated  alumina  (lOg.),  Elution  with  benzen^petrol  (1;1)  and 

with  benzene  gave  4-dinBthylamino-4*-methylaminodiphenylmothane  (0.09g. ,  9C^), 

nwp.  52°.  (Lit  m.p.  57°)  •  The  infrared  spectrum  had  a  strong  NH  band  at 

3380  cm  ,  and  a  set  of  characteristic  bands  at  848,  827,  810  and  770  cm  ,  the  band 
"■1 

at  810  cm  being  about  twice  as  strong  as  the  others  in  the  set, 

Dlmethylaniline.  4.4*-bi3(dimetfa.ylajaino)dlnheiwlmethane.  and  di~t~butyl  peroxide  in 
acetic  acid. 

Ifimethylaniline  (l.2-fg.),  2|.,V-bis(dimethylamino)dipheny2methane  (2,54g. ) 
and  di-t-butyl  peroxide  (0.73g.),  (i.e, ,  in  mole  ratios  2:2:1  respectively),  were 
refluxed  in  glacial  acetic  acid  (30  ml.)  containing  acetic  anhydride  (2  ml.).  The 
acetic  acid  (25  ml.)  was  distilled  end  the  residue  made  alkaline  with  sodium  hydroxide 
and  extracted  with  ether.  The  ethereal  layer  was  washed  with  dilute  hydrochloric  acid 
and  then  dried  with  magneaiim  sulphate  and  the  solvent  evaporated  to  leave  a  residue 
of  N-methylacetanilide  (0,08g. ,  11^,  m,p,  100°.  The  acidic  solution  from  the  HCl 
washing  was  baaified  with  sodium  hydroxide  and  extracted  vd.th  dichlorcmethane  to  give 
a  red  solution.  The  solution  was  distilled  at  reduced  pressure  (water  punp)  to  leave 
a  residue  (3.44g.)  which  was  dissolved  in  benzen^petrol  and  chrcmatogrf^hed  on 
activated  alumina  (2CX)g.),  Elution  with  benzen^petrol  (l:l)  and  benzene  gave 
4,4‘“*'bis(dimsthylamino)diphenylmethane  (2.30g. ,)  m.p,  and  mixed  m.p,  88°,  and  elution 
with  benzene/ether  (l:l)  gave  leuco  crystal  violet  (0,27g.  19^),  nwp.  and  mixed  ra,p, 
176  •  Further  elution  with  ether  gave  2^^imethylamino-(4’-methyl-J^.’ -acetyl) aminodi- 
phenylmethane  (0.572g.  85?S),  m.p,  122°,  identified  by  its  infrared  spectrum.  The 
yield  of  this  Euuide  is  based  on  the  amount  of  N-methylacetanilide  from  which  it  could 
be  assumed  to  have  been  formed  compared  with  the  amount  of  N-methylacetanilide 
expected  according  to  the  equations. 

4PhNMe2  +  2(Me^C0)2— >  (Cgi^^®2^3  ®  *  PhNHMe  +  ^lie^CCH 

HiNHMe  +  MeCOOH  ■■ »  PhNMeCCMe  +  H^O 

Thus  0.572g,  of  the  amide  m,p,  122°  corresponds  to  0,3l8g.  of  N-methyl- 
acetanilide  which  is  85^  of  the  theoretical  yield. 

p-Dimethylaminobenzylmethylaniline. 

This  amine,  prepared  by  the  reaction  of  methylaniline  and  p-dimethylamino- 
benzyl  benzoate  as  described  previously,  is  a  stable  crystalline  solid  nup,  69°.  It 
can.  be  reciystallized  from  solvents  such  as  benzene,  light  petroleum,  ether  and 
nitrcmethane  without  deoonposition.  However,  it  is  decomposed  in  acid  nvedia  and  on 
stonding  in  a  mixture  of  acetic  tudiV^eucotic  anhy<3ride,N-mettylacetanilide  is  formed 
in  high  yield.  It  is  unchanged  on  towering  throi:i^  activated  altanina. 


p-^jimethylaciinobenzyliiiethylaniline.  3.5.3*  .5*  -tetrachloro-4.4* -diphenoqiiinol 
(t,c.d.h„).  and  meth.yla3:illine, 

(i)  p-Dimethylajidnobenzylmethylaniline  (0.037g.),  t.c.d.h2  (  0.002g.),  and 
methylaniline  (0.1l6g.),  (i.e.  in  mole  ratios  1,56:0,059:10,87  respectively),  were 
left  at  25^^  for  4  days.  The  mixture  was  then  chromatographed  on  activated  alianina 
(lOg,),  Elution  with  benzene/petrol  (l:10)  gave  p-dimethylaminobenzylmethylaniline 
(0,02g,)  m.p,  and  mixed  m^p,  68°,  Elution  v/ith  benzene  and  ether  gave  no  other 
reoogiizable  product,  O.lg,  of  material  was  eluted  from  the  column, 

(ii)  p-Dimethylaminobenzylmethylaniline  (0,071g,),  t,c,d,h2(0.014g, ),  and 
methylaniline  (o.ifOSg. ),  (i, e,  in  mole  ratios  2,9:  0,4:  38,3  respectively),  were 
heated  on  a  steam  bath  for  2  hours  and  left  for  2  days  at  room  teraperatin:«.  The 
reaction  mixture,  red-brovn  in  color,  was  chranatographed  on  activated  alumina  (l5g,)» 
Methylaniline  (0,29g, )  eluted  with  petrol  and  with  benzene/petrol  (l:10) 
p-dimethylaminobenzylmsthylaniline  (0,019g.)  m,p,  68°  was  obtained.  Benzene/petrol 
(l:5)  eluted  small  amounts  (0,017g.)  of  a  liquid  continuously.  With  benzene/petrol 
(l;l)  and  benzene  a  yellow  oil  (0,073g.)  was  obtained.  This  eluate  showed  no 

“1 

band  corresponding  to  NH  in  its  infrared  spectrmn  but  had  a  strong  band  at  1750  cm  , 

—1 

The  usually  strong  aromatic  bands  at  l600  and  1510  cm  are  very  weak.  Stronger 
bands  are  present  at  I460,  I36O,  1280,  1220,  II80,  I14O  and  IO6O  cm"'\  Bands  below 
900  cm  are  very  weak. 

p-Dimethvlaminobenzylmethvlaniline.  t.c.d.h,,  and  dimethylaniline. 

(i)  p-Dimethylaminobenzylmethylaniline  (0.2l8g.),  t.c.d.h^  (0,009g7) ,  and 

dimethylaniline  (l,12g, ),  (i.e,  in  mole  ratios  1.8:  0,06:  18,5  respectively),  were 
heated  at  77°  for  4  hours.  The  mixture  was  chromatographed  on  activated  alimiina 
(30g.),  Elution  vd.th  petrol  afforded  dimethylaniline  (0,99g»)>  1*5562, 

(authentic  dimethylaniline  had  1*5592),  Benzene/petrol  (1:9)  afforded 
p*^imethylaminobenzylmethylaniline  (0*208g, )  m.p*  69°,  infrared  spectrum  identical 
with  the  authentic  material.  Further  elution  with  benzene  and  ether  afforded  only 
a  small  amount  (0.02g,)  of  a  liquid, 

(ii)  p-Dimettylaminobenzyliiiethylaniline  (0.025g.),  t,c.d.h2  (0.03i<g.),  and 
dimethylaniline  (0,696g,),  (i.e,  in  m.ole  ratios  1.0:  1.0:  57*4),  were  allmved  to 
sit  for  48  hours  at  room  temperature  (20°).  The  mixture  was  then  triturated 
with  petrol  to  give  t.c.d.h2  (0,027g.),  ra*p*  230°,  Ihe  solution  was  then 
chromatographed  on  activated  alumina  (l0g.).  Elution  with  petrol  gave  dimethylaniline 

j  Q  C 

(0,63g.),  njj  1.5562,  and  with  benzene/petrol  (l»20)  gave  p-dimethylnminobeiizymelhylr- 
aniline  (0.023g, ),  Dv,p,  68.5*5  indentical  in  infrared  ^ectrum  with  the  authentic 
material.  Further  elution  with  benzene  gave  a  yellowoLl  (8  mgs.)* 

(iii)  p~Dimethylaminobenzylmethylaniline  (0.10i»g,),  t.c*d.h2(0*006g.),  and 
dimethylaniline  (l.049g*),  (i*e.  in  mole  ratios  1,1:  0.05:  21,7)  were  dissolved 

in  glacial  acetic  acid  (iCftil, )  containing  acetic  anhyrdide  ( 0,5ml.)  and  reflused  for 
5  hours*  The  mixture,  initially  light  green  in  color,  turned  blue  and  finally  violet 
as  the  temperature  was  raised*  The  acetic  acid  was  distilled  slowly  at  atmospheric 
pressure  and  the  violet  residue  was  made  alkaline  with  sodiimi  hydroxide  and  extracted 


with  ether.  The  ethereal  solution  was  dried  with  magnesium  sulphate  and  the  ether 
evaporated  to  leave  a  blue  residue  ’nhich  was  dissolved  in  benzene/petrol  and 
chromatogrephed  on  activated  alumina  (20g,),  Elution  with  petrol  gave  dimethyloniline 
(0»50g.),  1.5571 ,  and  with  benaene/petrol  (l;9)  gave  4,4'“bis(dimeti^lamino)- 

diphenylmethane  (0,1C)9g, ,  IOC??)  m.p.  and  mixed  m.p,  88°,  The  infrared  spectrun  was 
identical  with  that  of  the  authentic  compound.  Elution  with  benzene/petrol  (3:l) 
gave  a  oompound  (0.015g«)  nup.  100-140°,  whose  infrared  spectrum  was  the  same  as 

4* 

that  of  leuoo  crystal  violet  except  lhat  it  contained  on  extra  weak  band  at  1720cm~  , 
On  recrystallization  this  band  disappeared  and  the  m,p,  was  that  of  leuoo  crystal 
violet  179°.  Elution  with  benzene  and  benzene/ether  (9:1 )  gave  N-methylacetanilide 
(0.06lg.,  31^),  m.p.  and  mixed  m,p.  100°,  infrared  spectra  identiceil.  Further 
elution  with  solvents  of  increasing  polarity  gave  a  small  amount  of  a  blue  liquid 
(4  mg.), 

(iv)  p-Dimethylaminobenzylmethylaniline  (0.082g,)  and  dimetliylaniline 

(0.862g. )  (i. e,  in  mole  ratio  1:21),  were  dissolved  in  glacial  acetic  acid  (4  ml.) 
ccntaining  acetic  anhydride  (0.3  ml.)  and  refluxed  for  4  hours.  The  color  changes 
noted  previously  were  again  observed.  The  acetic  acid  was  then  distilled  and  the 
residue  made  alkaline  v/ith  sodim  hydroxide  and  extracted  with  ether  as  before  to 
give  a  residue  which  was  chromatographed  on  activated  alumina  (20g.).  Elution  with 
petrol  gave  dimethylaniline  (0.47g*)  and  with  benzene/petrol  (1*9)  gave 
4,4*-bis(dimethylsmino)diphenylmsthane  (0,827g,,  9^)  m,p.  and  mixed  m.p.  88°, 

Infrared  spectra  identical.  Elution  with  benzene  gave  N-methylacetanilide  (0,039g. , 
76??),  nup.  ard  mixed  m,p,  100  ,  infrared  spectra  idesntioal.  This  yield  ^vas  slightly 
lew  as  it  was  suspected  that  some  N-methylacetanilide  was  present  in  the  previous 
fraction  Coloured  residues  ranained  on  the  colxmin, 

■ffhen  4,4'-bis(dimethylaraino)diphenylmethane  was  heated  vith  glacial  acetic 
acid,  the  color  changed  slovirly  from  green  via  red  to  a  red-purple,  p-Dimetiylaraino- 
benzylmethylaniline  v/hen  treated  similarly  underwent  the  same  color  changes  but  in 
the  presence  of  dimethylaniline  the  system  changed  color  very  quickly.  The  first 
system  was  unaffected  by  the  presence  of  dimethylaniline, 

p-Dimethvlaminobenzylmethvlaniline  and  N-ohenvlPVrrolidine. 

p-Dimethylaminobenzylmethylaniline  (o,l85g,)  and  N-phenylpyrrolidine 
(0,34g,),  (i.e,  in  mole  ratio  1:3),  were  dissolved  in  gleuaial  acetic  acid  (l4  ml.) 
containing  acetic  anhydride  (l  ml.)  and  refluxed  for  18  hours.  The  color  changed 
from  green,  through  blue,  to  red,  Ihe  acetic  acid  was  distilled  and  the  residue  was 
made  alkaline  with  sodim  hydroxide  and  was  extracted  with  dichlorOme thane.  After 
drying  with  magiesium  sulphate  the  solvent  was  distilled  and  the  residue  dissolved  in 
benzene  and  chromatographed  on  activated  alumina  (30g. ).  Elution  with  petrol  gave 
a  liquid  (0.26g.),  n^^*^  1.5790  (N-phenylpyrrolidino  had  1,5825),  Elution  with 
benzene  petrol  gave  4-( dimethylamino) -4*  -(N-pyrrolidino) diphenvlmethane  (0. 126g. , 

5^),  m.p.  75°  (from  light  petroleun  (b.p,  40-60°)).  /found;  C,8l,7;  H,8.9}  N,9,8?5. 
^1^1if^2  0,8l.4;  H,  8,6;  N,  10,0?^,  Further  evidence  that  this  is  the 

conpound  is  supplied  by  the  infrared  apeotium.  On  coiparison  with  the  spectrun  of 
4,i;-bis(  dimethylamino) diphenylmethane,  nuny  of  tlae  bands  in  both  spectra  correspond. 
Those  which  differ  notably  are  at  1370,  1182,  972  and  770  cm"’'.  These  bands  are 


present  in  the  spectrum  of  4>^(!-<ii{N-pyrrolidino)diphenylmethane,  Thus  all  the  bands 
can  be  accounted  for  and  fit  the  assigned  structure,  Further  elution  v/ith  benzene/ 
petrol  (1:1)  gave  a  ccnpound  (0.047g.),  m,p.  124°,  /^ound:  0,72.0;  H,  9,5; 

N,  The  infrared  spectrum  of  this  compound  is  quite  different  from  that  of 

—1 

the  earlier  oanpound.  There  is  a  strong  band  at  l660  cm  corresponding  to  an  amide 
band, 
band. 


Infrared  spectra  of  different  fractions  did  not  show  any  diminution  of  any 
Bands  oharaqteristic  of  ri-methylacetanilide  at  782  and  712  am""^  were  not 


present,  There  was  only  a  single  band  in  the  region  850-680 -cm“i  at.836,cm"L|  , . 
thus  showing  that  any  aromatic  rings  present  are  still  para-disubstituted,  Bluticxi 

with  benzene  gave  H-me  thy  lace  tanilide  (0,078g.  6?^  ,  m,p,  and  mixed  m,p,  100°, 

infrared  spectrum  identical.  Hirther  elution  with  benzene/ether  (3:l)  gave  an  oil 

(0,03g.)  and  with  ether  gave  a  small  amount  (22  mg.)  of  a  purple  solid. 


Dimethvlaniline  and  3.5.3' .5*-tetrachloro-4.4‘-diphenQcminone  in  aoetcaie. 

The  quinone  (abbrev.  t,c.  d.)  was  prepared  thus:  Sodiimi  nitrite  (30,8g. ) 
in  water  (l25  ml.)  was  gradually  added  to  a  stirred  solution  of  benzidine  (41.6g. ) 
in  Tirater  (5  litres)  containing  concentrated  hydrochloric  acid  (l66  ml.).  The 
mixture  was  left  at  room  temperature  for  2  hours  and  then  boiled  for  1  hour  and 
filtered  hot.  The  filtrate  on  cooling  gave  4>4'“dihydroxydipheiyrl  (28g,),  m,p,  272°, 
Chlorine  was  passed  into  a  stirred  suspension  of  the  4,4'-dihydro3y^“ 
phenyl  in  glacial  acetic  acid  (400  ml,).  The  solution  was  cooled  in  ice  and  filtered 
and  chlorine  passed  into  the  filtrate  until  no  more  solid  was  deposited.  The  solid 
was  recrystallized  from  acetic  acid  to  give  3,5,3S  5*~tetraohloro-4,4'-diphenoquinol, 
(abbrev.  t.o. d.h2.),(20g.),  m.p.  232°, 

Concentrated  nitric  acid  (10  ml,)  was  added  to  a  soluticn  of  t.o.d.hg 
(lOg.),  in  hot  glacial  acetic  acid  (400  ml,).  Violet  crystals  were  initally  formed 
but  on  further  addition  of  acid  these  disappeared.  On  cooling  no  crystals  were 
deposited.  Concentrated  nitric  acid  (5  ml.)  in  glacial  acetic  acid  (5  ml.)  vrere 
added  to  another  solution  of  t.c,d,h2  (lOg,)  in  hot  glacial  acetic  acid  (400  ml.). 
Addition  of  the  nitric  acid  mixture  was  stopped  when  crystals  formed  in  the  solution. 
On  cooling  and  filtration  and  washing  writh  water  t, c.d,  (2g. ),  m.p,  360  ^  vras 
collected, 

Dimethylaniline  (2.265g,),  t.c.d,  (l,98g,)  in  acetone  (3,60g.),  (i.e, 
in  mole  ratios  3:1:10  respectively) ,  were  shaken  for  18  hours  at  room  temperature. 

The  quinone  had  been  decolorized.  The  acetone  was  removed  by  rotary  evaporation  and 
the  residue  dissolved  in  benzene/petrol  and  chromatographed  on  activated  alumina 
(l00g. ).  Elution  with  benzene  gave  a  liquid,  mainly  dimethylaniline,  (o.64g) 

1.5569,  Elution  with  benzene/petrol  (1?19)  gave  p-dimethylaminebenzyl- 
methylaniline  (0.3448g, ,  23/),  m.p,  and  mixed  m,p.  69  ,  infrared  spectra  identical. 
Further  elution  with  benzen^petrol  (l;l)  gave  4,4'-'bis(dimethylaniinc)diphenylmethane 
(0.296g. ,  19?^).  Benzene/ether  (9:1 )  gave  a  yellov/-  oil  (O.llg,).  Yields  are  based 


on  Hre  equations: 

t.c.d.  +  3PhNMe2— — 

t.c.d.h2  +  (MegNOgH^)^®^  +  PhNHMe 

and 

t.c.d.  +  ZPhl®ie2  — 

->t.c.d.h2  +  PhN(Me)CH2CgH^me2 

Dimethyl  nm‘l-ine  and  cumene  hydroperoxj.de  in  Beetle  acid, 

Dimethylaniline  (6,052g.)  and  cumenehydroperoxide  (l,529g.),(i.e,  5  moles; 

1  mole)  were  dissolved  in  glacial  acetic  acid  (60  ml.)  containing  acetic  anhydride 
(2  ml.)  ard  refluxed  for  70  minutes.  The  solution  went  an  intense  violet.  The 
solution  was  diluted  to  approximately  1  litre  with  water  and  acidified  with 
hydrochloric  acid.  The  solution  was  now  green  and  was  extracted  with  ether.  The 
acidic  solution  was  then  made  alkaline  with  sodium  hydroxide  flakes  and  the 
solution  extracted  with  ether.  The  ethereal  nlution  was  dried  with  magnesium  sulphate 
anj  distilled,  the  excess  of  dimethylaniline  being  removed  at  the  water  pump  at  80  . 
The  residue  was  dissolved  in  benzene/petrol  and  chromatographed  on  activated  alumina 
(60g.),  Blution  with  petrol  gave  dimethylaniline  (0.90g. ),  1.5569.  Elution 

with  benzene/petr-ol  (1:1)  gave  4,4’bis(dimethylamino)diphenylmethane  (l,037g,  41/2), 
nup.  and  mixed  m.p.88°,  infrared  spectra  identical,  Blution  with  benzene/petrol 
(3:l)  gave  leuco  oiystal  violet  (0.123g,  6.5^),  m,p,  and  mixed  m,p.  178°,  infrared 
spectra  identical.  Elution  with  benzene  gave  M-methylacetanilide  (0,146g. ,  19*6^) 
m,p.  and  mixed  nup,  100°,  infrtu?ed  spectra  identical,  and  elution  with  benzene/ether 
(3:l)  gave  4-dimethylamino-(4'methyl-4*-acetyl)aminodiphenylmethane  (0.097g. ,  7?2), 
nup.  and  mixed  nup.  120°,  infrai-ed  spectra  identical,  Purttier  elution  with  ether 
gave  a  small  amount  of  a  blue  dy®  (20  mg, )»  Yields  are  based  on  the  equations, 

EDCH  +  3  PhNMe^ (MegNOgH^)^  CH^  +  PhMHMe  +  HgO 

I  +R0H 

for  calculation  of  I, 
and 

4PhNMe2  +  2R00H — >  (OgE^Meg)^  CH  +  PhMHMe  +  2H2O  +  2RCH 

II  III 

for  calculation  of  II,  and  of  III,  as  its  aoetyl  derivative. 

The  yield  of  the  other  amide  is  again  based  on  the  equivalent  amount  of 
N-«iethylacetanilide, 

Dimethylaniline.  4.4*-bl3(dimethylam5no)diphenylmethane.  and  di-t-butvl  peroxide. 

Dimethylaniline  (0,305g. ),  4,4'~his(dimethylamino)diphenylmethane 
(0,635g.),  and  di-t-butyl  peroxide  (0.126g.),  (i.e,  in  mole  ratios  3:3:1  respectively), 
were  heated  in  a  sealed  tube  imder  nitrogen  for  37  hours  at  126°,  It  was  noted  that 
t-butanol  had  been  fonned  and  was  crystallized  around  the  top  of  the  tube.  On 
trituration  of  the  reaction  mixture  with  petrol,  a  solid  (0.0105g. )  nup.  300° 
which  had  been  deposited  during  the  reaction,  was  recovered  by  filtration.  This 
compound  was  again  obtained  later  in  the  chremategraph  and  was  identified  as 
1,1^2,2-tetrakis(4-dimethylaminopheuyl)ethane,  The  solution  of  the  regotion  mixture 
was  chromategraphed  on  activated  alumina.  Eluticn  with  petrol  gave  dimethylaniline 
(0. l6i)g, )  and  with  benzene/petrol  (1;4)  gave  4,4’-bi3(dimetlxylamino)dipheiylmethane, 
nup.  and  mixed  nup,  88°,  The  infrared  spectrum  showed  no  trace  of  oiy  N,N’ -dlmethyl- 
N,N’-dipbenylethylenediamine,  Elution  with  beirzenq/petrol  (l:l)  gave  4^1metlTyil- 
amino-4* -me thylamlnodiphenylme thane  (0.102g. ,  87^),  nup.  and  mixed  nup.  50°, 

Infrared  spectra  identical.  Elution  with  benzene  gave  1 ,1,2,2-tetrakis(4-dimethyl- 
ominophenyl)ethane  (0,0l26g, ,  i.e,  total  0,023g. ,  195?)  nup,  ^  320°.  The  nup,  was 
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not  depressed  ^  320°  on  admixture  ■with  the  authentic  confound,  and  'the  infrared 
spectra  of  the  chromatographic  fraction  and  of  the  insoluble  material  from  the 
reaction  mixture  ■were  identical  ■wi'hh  that  of  the  authentic  material,  Pur'ther  elution 
with  benzene  and  with  benzene/ether  gave  a  blue  liquid  (0.05g.)  which  gave  a  violet 
soluticn  in  chloroform  or  methanol.  Die  yields  are  baaed  on  ■the  amount  of 
4,2(.'-bis(dimethylamlno)diphenylmethane  not  returned, 

4.i^■*-bis(dirflethy^fOT^no^diphenvlmethane  and  di-t-butyl  peroxide, 

(i)  4,4'-Bis(dimethylamino)diphenylmethane  (2,858g)  and  di-t-butyl  peroxide 
(0,545g,),  (i,e,  3  moles  ;  1  mole),  were  heated  in  a  sealed  tube  under  nitrogen 
for  37  hours  at  126°,  On  aiding  benzene/petrol  to  the  reaction  mixture  1,1,2,2- 
tetrakis(4-dimethyloRiinophenyl) ethane  (0,065g.)  separated,  m,p.  ^  320  ,  ^Found: 

0,80,4;  H,8.4;  N,10.75^  Calc,  for  C,  80,6;.  H,  8,4}  N,11,1^J'',  The 

reaction  mixtxne  was  chromatographed  on  activated  alumina  (l20g, )  Elution  ■with 
benzene/petrol  (1;9)  gave  4,4'“bis(dimethylamino)diphenylmethane  (2,124g»),  m,p, 
and  mixed  m,p.  88°,  infrared  spectra  identical.  Elution  with  benaen^petrol  (3:1 ) 
gave  4-dimethylamino-4'-ine'thylaminodiphenylmethane  (0, 170g, ,  m,p,  and  mixed 

m,p,  50°,  and  infrared  spectra  identical.  Further  elution  ■with  benzene  gave 

N,N*  -di-/C-('P-dimeth.'ylaminobe3azyl)-'rhenvl  7-N.N*  -dimethvleth.vlenediomine(0, 1 2g, ,  1  , 

m,p,  106°,  /^ound:  C,  80.4;  H,  8.4;  N,  10,6$!?.  requires  0,  80,6;  H,  8,4; 

N,  11,1^ The  infrared  spectrum  is  consistent  ■with  the  assigned  struotiire,  Tie 
region  950-670  cm”"^  differs  from  the  other  compounds  found  and  has  a  strong  band  at 
805  cm”'* ,  weaker  bands  of  equal  intensity  at  950  and  820  cm  ^ ,  and  weak  bands  at 
840,  757,  and  749  cm"*.  Attempts  to  synthesise  this  compound  using  4-dlmethylomino- 
4*  ^e'bhylaminodiphenylmethano  and  etlyrlenedibromide  in  mole  ratio  1:2  at  60  for 
3  hours  have  proved  unsuccessful. 

Continued  elution  with  benzene  gave  1 ,1 ,2,2,-tetrakis(4-diov»thylBininophenyl)- 
ethane  (0.06l5g.,  i.e.  total  0.126g.,  1?^,  m.p.  >  320°,  infrared  spectra  identical. 
Benzene/ether  (l:l)  gave  a  yellow  oil  (0.013g*)  ether  gave  a  brown  oil  (0.07g,)» 

(ii)  The  above  experiment  was  repeated  using  4,4' ”bis(dimethylamino)  diphenyl- 
methane  (2,86g,)  and  di-t-butyl  peroxide  (0,550g. ),  (i.e,  3  moles  :  1  mole)  in  a 
sealed  tube  for  24  hours  at  126°,  The  yields  ■were  4,4' ”bia(dimethylamino) diphenyl- 
methane  (2,311g»),  4-dimetiylamino-4'“Ciethylarainodiphenylmethane  (0,097g»,  19^), 
substi'tuted  ethylenediamine  (0, 13g, ,  2i:^,  and  substituted  ethane  (0,096g,, 

1 .1 . 2. 2-Tetraki3(4-dimethvlaminoDhenvl)  ethane, 

4,4'-Bis(dimethylamino)benzophenone,  i,e,  Michler's  ketone,  (5g»)  tinfoil 
(9g,)  were  dissolved  in  concentrated  hydrochloric  acid  (75  ml,)  and  allowed  to  sit  for 
an  hour^^.  The  sduticai  was  mside  alkaline  ■with  sodium  hydroxide  to  give  a  blue 
solution  ■which  ■?*as  extracted  ■with  didilorcmethene  to  give  a  red  solution  ■which 
fluoresced  green.  The  solvent  was  evaporated  and  light  petroleum  (b,p,  40^0  )  added 
to  the  residue  to  give  a  ■white  solid  m,p,  195-205°*  This  is  probably  the  pinacol 
(Lit,^^  m.p.  195-210°).  Tie  reduction  was  repeated  on  the  piwduot  using  tin 
(6,4g. )  ^^'d  hydrochloric  acid  (50  ml,).  On  working  upjthe  product  still  had  m,p, 
195-205°.  The  infrared  spectrum  was  very  different  from  that  of  the  ketone  and  had  a 
strong  broad  baM  at  810  and  other  strong  bands  at  950,  1155,  1345,  1515  and  l6l0  an  . 
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The  CO  bond  of  Miohler's  ketone  is  at  1600  cm  ,  so  that  the  band  at  ^6^0  cm  may 

be  due  to  the  presence  of  scene  pinacolcne.  In  case  this  is  so  the  product  was 

20 

treated  with  zinc  amalgam  thual 

Zinc  (4g»)}  mercuric  chloride  (0,3g»)>  concentrated  hydrochloric  eusid 
(0.2  ml.)  and  >vater  (5  ml.)  were  shaken  for  15  minutes.  The  aqueous  layer  was 
decanted  and  ttie  Zn/Rg  covered  with  water  (3  ml.)  and  hydrochloric  acid  (4  ml.). 

The  pinacol  product  was  added  and  shaken  at  room  temperature  for  two  hours  and  for 
one  hour  at  60°,  The  zinc  remaining  \ras  filtered  off  and  the  filtrate  made  alkaline 
by  the  addition  of  sodium  hydroxide.  The  solution  vns  extracted  with  diohloromethane 
dried  with  magnesiimi  sulphate,  and  the  diohloromethane  evaporated  to  give  a  product 
whidx  melted  mainly  at  195-205°  but  which  had  a  trace  of  a  compound,  m,p.<^290°, 
This* latter  was  probably  1 ,1 ,2,2,tetrakis(4-dimethylaminopheriyl)ethylene,  nup,  296°. 

This  reaction  product  (0,362g.)  was  refluxed  in  an\yl  alcohol  (40  ml.) 
whilst  sodiim  (lg.)  was  added  slowly  over  half  an  hour.  The  mixture  was  then 
refluxed  for  an  hour.  Water  was  then  added  and  the  solution  extracted  with 
diohloromethane,  dried  with  magnesium  sulphate  and  the  solvent  evaporated  to  give  a 
solid  residue  m,p.  320°,  This  was  washed  with  methanol  and  dried  at' 80°  for 
6  hours  to  give  1,1, 2, 2-tetraki6(4-dimethylaminophenyl) ethane  (0,3g,),  m,p.  330°. 

(Lit,^  m,p«  334  )•  The  infrared  spectiiun  had  strong  bands  of  almost  equal 

—1  —1 

intensity  at  811  and  798  ora  ,,  weaker  bands  at  954  and  756  cm  , 
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3.  AI'gNE  OXm&TIOWS;  EBACTIOWS  OP  AMPIES  IN  AQUEOUS  SOLDTICaT  TiTTH 

OXIDANTS  IKDEB30ING  aWB-EEECTBDW  IBANSEEti, 

Ii.\troduotlcai 

The  background  to  this  project  has  been  discussed  in  considerable  detail 
in  the  reports  for  1958-59  (pp»  31-34)  and  for  1959-80  (p,32).  During  the  196O-61 
session  the  studies  contained  in  this  and  the  previous  two  reports  have  been 
presented  in  a  Ph.D.  thesis.  A  short  summary  follows,  briefly  outlining  the  results 
of  the  previous  sessions  and  their  relationship  to  those  described  in  this  report, 
Stewart"*  had  examined  the  oxidation  of  primary  amines  and  some  amino- 
acids  by  sodium  persulphate  catalysed  by  silver  nitrate;  he  also  carried  out  some 
uncataiysed  reactions  with  sodium  persulphate  solutions,  irradiated  by 

ultraviolet  light.  In  the  former  system  possible  oxidants  are  the  argentic  ion 

2+  ^  2 
Ag  ,  the  sulphate  radical-ion,  S0^»  and  the  hydroxyl  radical  ; 


W' 

+ 

Ag'^ 

- => 

Ag^'^  +  SO^^" 

+ 

SO,  • 
4 

so," 

4 

+ 

- 

S0,^"+  ‘OH 

4 

+ 

H'*' 

Ag^^ 

+ 

HgO 

- ?> 

kg*  +  ‘OH 

In  the  second  system  only  the  sulphate  radical-ion  and  the  hydroxyl  radical  are 
possible;  the  greatly  reduced  yields  of  aldehyde  from  prlmaiy  amines  obtained  with 
this  eystem  (e.g.  isobutyl.amine  gave  only  of  isobutyraldehyde  as  compared  with 
20^  with  the  Ag  -  SgOg  "  system)  suggested  that  SO^*  and  •CH  do  not  play  so 
important  a  part  in  oxidation  by  the  Ag'^  -  system  as  had  been  supposed 

by  some  workers,^ 

Investigations  were  accordingly  undertaken  to  determine  the  oxidative 
effects  of  divalent  silver.  This  was  conveniently  obtained  as  argentic  pioolinate, 
a  square-planar  conplex  in  which  the  divalent  silver  ion  is  linked  to  the 
2-carboxylate  groups  and  to  the  nuclear  nitrogen  of  the  pioolinate  ligands. 

The  oxidative  effects  of  this  canpound  form  the  subject  of  the  present 
investigations,  which  are  in  continuation  of  those  previously  reported.  Briefly, 

the  oxidant  has  been  found  to  oxidise  all  those  classes  of  compounds  which  are 

+  2- 

oxidised  by  the  Ag  -  SgOg  system,  but  the  order  of  reactivities  is  different. 

This  is  attributed  to  the  need  for  association  of  substrate  molecules  eaid  Ag^^,  and 
for  displacement  of  the  pioolinate  ligands  to  occur,  when  argentic  picolinate  is  the 
oxidant,  whereas  in  aqueous  Ag  -  SgOg  the  argentic  ion  is  presumably  only  loosely 
conplexed  with  water  molecules  or  aniens  such  as  CH~,  Inorganic  displacement 

5 

reactions  of  square-planar  conplexes  have  been  the  subject  of  a  good  deal  of  study. 
Argentic  picolinate  can  effect  the  following  types  of  oxidation:  primary  aminos  to 
aldehydes  (or  occasionally  to  a  nitrile)  or  ketones;  secondary  amines  to  aldehydes 
or  ketones;  alcohols  to  aldehydes;  glycols  to  carbonyl  oonpounds  by  fission; 
phenols  to  quinenes;  carboxylic  acids  to  carbonyl  ccepounds,  with  loss  of  carbon 
dioxide;  aiylalAyl  hydrocarbons  to  carbonyl  compounds. 


DisousBiati  of  Results  obtained  1960-61. 

A»  Oxidaticaa  of  Aianonla  by  Argentic  Pioolinate. 

Since  the  postulated  scheme  for  the  oxidation  of  primary  amines  (see  below) 
produces  amnonia,  experiments  were  carried  out  to  deteimine  the  effect  of  ammonia, 
in  various  proportions,  cn  argentic  pioolinate,  A  suspension  of  the  oxidant  in 
aqueous  ammonia  was  stirred  in  a  closed  vessel  connected  to  a  gas  burette,  in  which 
the  amount  of  nitrogen  evolved  was  measia^d.  Typical  results,  obtained  with  100  ml. 
of  solution,  are  shown  in  Table  I, 

TABLE  I, 

Oxidation  of  Ammonia  by  Argentic  Pioolinate 


Argentic 

Pioolinate 

(mole) 

Ammonia 

(mole) 

••  Nitrogen 
evolved 
(ml.) 

Nitrogen 

evolved 

(mole) 

Yield  of 
Nitrogen 
(?0 

0.01 

0.44 

34.05 

0,001522 

91.0 

0.01 

0.44 

37.50 

0.001675 

100.6 

0.01 

0.01 

12.13 

0.000541 

32.4 

0.01 

0.01 

12.40 

0.000554 

. .  . . 

33.2 

The  yields  in  the  last  column  have  been  calculated  from  the  amount  of  argentic 
pioolinate  added,  assuming  the  equation; 

6  Ag^"*"  +  2NHj  6  +  Ng  +  6  E* 

The  results  show  that  at  low  ooncentrations  of  ammonia  this  relationship  is 
inadequate,  but  the  argentic  ion  will  release  the  theoretical  amount  of  nitrogen 
from  ammonia  when  the  latter  is  present  in  much  larger  quantity  than  is  required 
by  the  above  equation,  Experiiwsnts  in  which  a  standsuai  solution  of  ammonia  was 
added  dropwise  to  a  stirred  suspension  of  argentic  pioolinate  in  water,  until  the 
red  color  of  the  oxidant  disappeeired,  showed  that  2,36  moles  of  ammonia  were  necessary 
to  decompose  1  mole  of  argentic  pioolinate.  It  is  well  known^  that  argentous  silver 
combines  with  ammonia  to  form  very  stable  complex  ions  Ag(NH^)2''’,  It  appears  that 
ammonia  thus  bonded  to  silver  wrill  not  displace  the  pioolinate  ligands  from  argentic 
piooliiiate  and  is  therefore  effectively  removed  from  the  reaction  system.  On  this 
basis  the  equation  for  the  reduction  of  ammonia  by  argentic  pioolinate  is;- 

6  li/*  +  14  6Ag(m^)*  +  6  +  Ng 

Prom  this  equation,  the  number  of  moles  of  ammonia  eqid.valent  to  one  mole  of  argentic 
pioolinate  is  2.33,  which  is  conparable  with  the  figirre  (2,36)  obtained  experimentally, 

B,  Oxidation  of  Primary  Amines  by  /argentic  Pioolinate. 

A  nimber  of  primary  amines  were  oxidised  by  eirgentio  pioolinate  in  aqueous 
suspension;  the  results  obtained  are  summarised  in  Table  2, 
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lAELB  2 


Oxidation  of  Primary  iimines  by  iiTceritio  Picollnate 


Amine 

Argentic 

Picollnate 

(mol) 

Reaction 

temp. 

Reaction 

time 

(hr.) 

Aldehyde  or 
ketone 
produced 

Isopropylamine 

2 

70° 

3 

acetone 

nr-Butylamine 

2 

70° 

1 

n-butyraldelyde 

Isobutylamine 

2 

70° 

1 

isobutyraldetiyde 

s-Butylamlne 

2 

70° 

2.5 

butanone 

Cyclohexylamine 

2 

75 

2 

cyclohexanone 

Ben2ylamine 

2 

70 

1 

benzaldehyde 

2-JBthylhexyl- 

amine 

2 

i 

70 

1 

2-ethylhexanal 

Yield 


In  all  oases  the  yields  obtained  were  lower,  and  the  reaction  rate 
slower,  than  those  for  secondary  amines.  It  is  possible  that  this  is  at 
least  partly  due  to  complexing  of  the  primary  amines  with  Ag^  ions,  analogously 
to  the  case  of  anmonia  (see  above).  Primary  amines  form  complexes  of  the  type 
Ag(NH2Ji)2^  ivhich  are  more  stable  than  those  formed  by  ammonia.  Since  the 
formation  of  the  oon^jlex  Ag(NH^)2'’'  may  prevent  the  oxidation  of  ammonia  by 
argentic  picollnate,  it  seems  likely  that  a  high  proporticn  of  a  primary  amine 
may  be  removed  fron  the  reaction  system  analogously.  There  is  a  further 
complication  in  that  ammonia  produced  in  the  oxida,tion  of  primary  amines  mey 
destroy  some  of  the  argentic  picollnate: 


HCHg:  NHg 
K3H  ;  NH  +  HgO 


KCH  :  NH 


ECHO  +  NH, 


A  further  possible  contributory  cause  of  low  yields  of  carboiyl  compoiuid  may  be 
that  some  of  the  presumed  intermediate,  ECH;NH,  may  ui^dergo  polymerisation  or 
oxidation.  Hesinous  products  were  formed  in  the  case  of  2-othylhexylainine,  which 
gave  only  a  1,^  yield  of  2-ethylhexonal, 

Features  of  special  interest  were  observed  in  the  oxidation  of  the  branched 
primary  amine,  3,3,5-trimethylhexylamine,\  No  aldehyde  was  obtained,  but  there  was 
a  10^  yield  (in  addition  to  polymeric  material)  of  3,3,5-trimathylhexanDnitrile, 
identical  with  an  authentic  sample  prepared  from  the  corresponding  carboxylic  acid. 
In  this  oxidation  A  atoms  of  hydrogen  have  been  removed  from  the  amine: 

ECHg’NHg  - ^  R  •  C  IS  N.  Sych  dehydrogenations  can  be  effected  over  catalysts 

in  the  vapour  i^ase,  but,  so  far  as  liquid-phase  oxidations  are  ooncemed,  the 
only  case  found  in  the  literatxn^  was  Bamberger’s  observation  that  oxidations  of 
benzylamine  and  ethylemine  by  Caro's  aoid  (peroxymonosulphuric  acid)  produce 
mixtures  of  products  which  include  very  small  amounts  of  the  oorresponding  nitriles 
Under  the  conditions  used  for  the  argentic  picollnate  oxidations,  3,3,5-trimethyl- 
hexanal  underwent  substantial  oxidation  to  the  corresponding  acid;  the  nitrile  gave 
little  evidence  for  conversion  into  acid. 
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Oxidation  of  Secondary  Amines  by  Argetitio  Fioolinate. 

Oxidaticais  of  di-s-butylamine,  di-2-ethylhexylsinine,  dibeni^ylamine,  and 
•  2-benzylamiiio-2,4,4“^^i®®^i^lp®^'*'Sne  by  argentic  picolinate,  are  examples  of 

secondary  amine  conversions  which  appear  in  the  previous  reports.  Other  results 
are  shown  in  Table  3. 

TABLE  3 

Oxidation  of  Secondary  Amines  by  Argentic  Picolinate  in 
Aqueovis  Suspension 


Amine 

Oxidised 

Argentic 
Picolinate 
(mol, ) 

Reaction 

Time 

(min.) 

Reaction 

Temp. 

Product 

Formed 

Yield 

(fo) 

Di-i sopropyl- 
amine 

2 

15 

70° 

acetone 

31 

Di-j>-butylamine 

2 

15 

70° 

n-butyraldehyde 

67 

Di-is  obutylamine 

2 

15 

70® 

isobutyralde- 

hyde 

73 

Di-s-butylamine 

2 

5 

70° 

butanone 

go 

Dioyolohexylamine  2 

15 

75° 

cyclohexanone 

6l 

Dibenzylamine 

2 

15 

70° 

benzaldehyde 

76 

Di-3,5,5-tri- 

methylhexyl- 

amine 

2 

5 

O 

o 

5,5, 5-trimethy  1- 
hexanal 

M 

-do- 

2 

5 

70° 

3,5, 5-'trimethyl- 
hexylidene- 
3,5>5-trimethy] 
hesylamlne. 

B 

N-Triphenylme  thy 
benzylamine 

L-  2 

_ 

24  hr. 

70° 

benzaldehyde 

1 

For  the  series  of  secondaiy  amines  examined,  yields  of  aldelyrde  or  ketone  were,  in 
general,  much  higher  than  for  the  corresponding  primary  amines.  The  times  recjuired 
for  the  complete  decomposition  of  the  argentic  picolinate  were  also  much  lower,  and 
in  some  cases  the  reaction  was  almost  instant2aieou3. 

The  initially  formed  product,  in  the  oxidation  of  secondary  amines  by  argentic 
picolinate,  is  believed  to  be  an  aldimine  or  ketamine,  ^ich  does  not  contain 
imino-hydrogen,  and  so  cannot  undergo  the  further  oxidaticn  to  nitrile  which  is 
exemplified  by  the  primary  amine,  3,5,5-trimethyl-hexylaiiiine: 

HCHg’NH^CHgR  - ^  EGH:N,CH2R 

Possible  reactions  of  such  an  iraine  are  hydrolysis  to  the  carbonyl  ccmpound  and 
primary  amine; 

HCH^E.CBgR  +  HgO - ^  ECHO  +  WHg*  ^2^ 

or  polymerisation.^’^’  However,  the  reaction  mixture  rapidly  attains  pH  4-5,  at 
which  hydrolysis  occurs  readily  and  gives  good  yields  of  aldei^de  or  ketatie,  except  iir 
a  few  cases  wheare  the  stability  of  the  imine  to  hydrolysis,  even  xmder  add  conditions, 
is  high.  One  such  case  is  that  of  di-2-e-thylhexylamine  (Report  for  1958-59)  where  the 
yield  of  2-ethylhexanal  was  only  9?5  and  a  considerable  amount  of  resinous  material  was 
obtained.  In  the  recently  investigated  case  of  di-3,5,5~trimethylliaxylamine,  the 


. 
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resulting  imine,  3,5,5~trimethyihexylidene-3,5,5~triJivBthylhexylaraine,,  was  so 
unusually  stable  that  it  could  be  isolated  in  7^  yield  even  after  the  reaction 
n±x:ture  had  been  brought  to  with  dilute  hydrochloric  acid.  The  infrared 

absorption  spectrum  of  the  product  v/as  identical  with  that  of  a  sanple  of  authentic 
imine  prepared  from  the  aldehyde  and  amine;  the  -C:N-  peak  occurs  at  1660  cm  \ 

C,  Oxidations  by  Argentic  Plcolinate  in  Non-aqueous  Solvents. 

Reaction  conditions  which  are  suitable  for  most  amines,  i.e. ,  oxidation 
in  aqueous  solution  at  0-<~85°,  with  a  suspension  of  argentic  pioolinate,  are 
unfavourable  in  the  ease  of  substrates  which  are  insoluble  and  solid  under  such 
conditions.  The  use  of  non-aqueous  reaction  media  was  therefore  investigated. 

Argentic  pioolinate  proved  to  be  stable  for  long  periods  in  light  petroleum 
(b.p.  i(jO-6o°),  benzene,  carbon  tetrachloride,  chloroform,  glacial  acetic  acid, 
ar^  t-butanol.  In  ethanol  the  red  color  of  the  argentic  complex  ms  discharged 
during  5  min.  at  boiling  tenperature  (78°);  this  indicated  that  it  might  be 
possible  to  use  ethanol  as  solvent  for  fast  reactions  at  room  temperature,  thou^ 
not  for  oxidaticns  in  which  reaction  tin’CS  were  in  the  order  cf  days,  nor  for 
oxidation  at  elevated  tenperatures,  since  the  result  would  be  complicated  by  the 
oxidation  of  ethanol  to  acetaldehyde: 

CHjCHgCH  +  2Ag^'*’  - CHjCSHO  +  2H'*’  +  2Ag'^ 

When  argentic  pioolinate  was  stirred  in  dicocan  for  2  days  at  room 
tenperature,  a  brown  precipitate  formed  and  a  silver  mirror  was  deposited  on  the 
sides  of  the  reaction  vessel.  The  nature  of  this  decomposition  was  not  investigated; 
the  deposition  of  metallic  silver  indicates  that  a  more  extensive  oxidation  than 
usual  had  taken  place.  It  appeared  that  dioxan  might  be  used  for  fast  oxidations 
at  roan  temperature,  but  not  for  reactions  requiring  a  number  of  days. 

Reaction  in  different  solvents  was  tested  in  the  case  of  2-benzylamino- 
2,if;4“trimethylpentane,  since  this  amine  had  already  been  found  to  give  high  yields  of 
benzaldehyde  when  oxidised  in  water.  Vihen  it  was  sliiired  with  argentic  pioolinate  in 
light  petroleum  or  in  benzene  for  24-^s,  at  room  temperature,  the  red  color  of  the 
argentic  salt  was  not  discharged  and  unchanged  amine  was  recovered  nearly 
quantitatively  as  the  hydrochloride. 

The  oxidation  of  2-benzylamino-2,4,A-“trimethylpentane  by  argentic 
pioolinate  in  ethanol  i^suilted  in  a  93^  yield  of  benzaldehyde  in  3  hr.  at  room 
temperature;  in  water  the  yield  was  88,5^  at  70°,  N-Triphenylmethylbenzylamine  had 
been  found  to  give  a  poor  yield  (litjS)  of  benzaldehyde  when  oxidised  in  water,  even  at 
elevated  temperature  (see  above);  this  ms  presumably  due,  not  only  to  steric  effects, 
but  to  the  solid  state  of  the  amine  (m.p.91°)  at  the  reaction  temperatiu:«  (70°). 
Oxidation  of  this  amine  dissolved  in  ethmol  gave  benzaldehyde  (3^),  after  stirring 
for  2if  hr.  at  room  temperature,  but  the  2,4-dinitrophenylhydrazone  from  the  product 
WEus  impure  (nup.  175°  rising  to  237°  after  one  recrystallisation  from  dioxan),  A 
likely  contaminant  is  the  2,4-dinitrophenylhydrazone  (nwp.  l68°)  of  acetaldehyde, 
formed  by  oxidation  of  the  solvent  during  the  long  period  of  reaction. 

Oxidaticns  in  t-butanol  have  the  advantage  that  this  alcohol  contedns  no 
a-hydrogen  atoms  and  so  is  not  susceptible  to  ctxidation  by  argentic  pioolinate.  In 
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this  solvent,  2-benzylaciino-2,4,it--trimetl^lpentane  gave  benzalcleiyrde  (93^0  S’  alovrer 
•rate  than  in  ethanol  but,  in  view  of  the  stability  of  the  solvent,  oxidation  could 
be  caxTied  out  at  65°,  \vhen  the  reaction  time  (3  hr.)  was  similar  to  that  observed 
in  ethanol  at  room  temperature. 

Oxidation  of  2-banzylamino-2,4,4-triraethylpentane  in  dioxan  gave  benzaldehyde 
(725<9  when  stirred  with  argentic  picolinate  at  65°  for  3  hr.  This  reaction  was  slow 
compared  v/ith  the  oxidation  of  the  amine  in  water,  but  the  rate  was  comparable  to  that 
in  t-butanol.  The  yield  of  benzaldehyde,.  hov/ever,  was  lower  than  that  in  water, 
ethanol,  or  t-butanol,  and  so  the  solvent  does  not  seem  to  have  ary  particular 
advantages.  In  glacial  acetic  acid,  oxidation  of  2-benzylamino-2,4,4-'fci'iBie'fchylpentane 
was  not  canplete  in  24  hr.  at  20°,  but  cm  raising  the  temperature  to  70°,  reaction  was 
complete  in  10  min, ,  giving  benzaldehyde  in  80/?  yield. 

D,  Comparative  Experiments  with  Other  Heavy-metal  Ions. 

In  the  Report  for  1959-60,  details  were  given  of  experiments  designed  to 

assess  the  oxidative  power  of  various  heavy-^netal  ions  and  oxides  towards  amines.  The 

substrate  was  2-benEylomino-2,4,4-trinc’thylpentane  and  only  argen’tic  oxide  proved  to  be 

an  oxidant,  Further  reactions  have  been  carried  out  vdth  ceric  ammonium  sulphate 

and  with  mercuric  acetate.  The  former  was  ineffective  but  the  latter,  under  the 

9 

conditions  used  by  Leonard  for  the  oxidation  of  tertiary  amines,  gave  benzaldehyde 
(6j?)  from  2-benzylamino-2,4,4-trime'thylpentane  after  24  hr. 


EXPBRIMMT.AL  DATA 


In  general,  experimental  conditions  used  for  the  examples  quoted  above 
vrere  similar  to  those  given  in  previous  reports.  The  following  descriptions  concern 
cases  showing  various  special  features. 

Preparation  of  JT-triphenvlmethylbenzylamine. 

Triphenylchloromethane  (0.OI8  mole;  5go)  was  dissolved  in  dry  dioxan 
(about  50  ml.)  and  benzylamine  (0,036  mole)  was  added.  The  mixture  was  boiled  under 
reflux  for  2  hr. ,  cooled,  filtered,  and  the  dioxan  was  evaporated  from  the  filtrate 
to  leave  a  gumny  residue,  which  did  not  dissolve  completely  in  hot  light  petroleum 
(b.p.  40-60°).  The  residue  was  filtered  off  and  added  to  the  previous  precipitato. 

The  combined  precipitates  (2.3g. )  showed  m,p.  260°,  not  depressed  by  admixture  with  ein 
authentic  sample  of  benzylamine  hydrochloride  (m.p.  261°  ;  lit.,  m.p.  255  -  258°). 

The  light  petroleum  extract  \7&a  concentrated  and  cooled,  when  N-triphenylmethyl- 
benzylamine  (6, 15g. ,  98/?)  sepanated  as  a  vdiite  crystalline  solid;  after  one 
recrystallisation  from  light  petroleimi  it  was  obtained  analytically  pure,  m.p.  91 
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Oxldation  of  N-triphenylmethylbenzylamine. 


(a)  N-Triphenylmethylbenzy lamina  (0,01  mole,  3.49g«)  and  argentic  picolinate 
(0,02  mole)  were  stirred  in  water  (150  ml.)  at  70°  for  24  hr;  the  mixture,  which  still 
contained  some  unreacted  argentic  picolinate,  was  cooled  and  filtered.  The  filtrate, 
after  treatment  with  sufficient  2N-4iydroohloric  acid  to  convert  all  silver  present 
into  the  chloride,  was  steam  distilled*  Benzaldehyde  in  the  distillate  was  estimated 
by  precipitation  as  the  2,4-dinitropher^ylhydrazone,  m.p.  and  mixed  m.p,  235°,  obtained 
iii  19^  yield. 

(b)  A  similar  reaction  was  carried  out  in  ethanol  (150  ml.)  at  room  temperatxire 
for  24'hrj  the  white  precipitate  of  argentous  picolinate  was  filtered  off,  the  filtrate 
poured  into  water  (750  ml.),  and  sufficient  hy^i^chloric  acid  added  to  precipitate  all 
silver  as  chloride,  vhich  v/as  removed  by  filtration.  The  filtrate  was  distilled  and 
aldehyde  in  the  distillate  was  estimated  in  the  normal  way,  as  the  2,4-dinitrophenyl- 
hydrazone  (36^).  The  derivative  thus  obtained  was  impure,  showing  m,p.  175°,  but 
after  one  recrystallisation  from  dioxan  the  m.p,  was  234°,  and  was  not  depressed  by 
admixture  with  authentic  benzaldehyde  2,4-<iinitrophei-|ylhydrazone,  m.p.  237°. 

Stability  of  argentic  picolinate  in  various  non-aqueous  media. 

Argentic  picolinate  (lg.)  and  the  solvent  under  test  (50  ml.)  v/ere  stirred 
together.  The  time  required  for  discharge  of  the  red  argentic  color  was  noted;  results 
obtained  are  as  follows: - 

In  light  petroleum  (b.p,  i40--60°),  benzene,  carbon  tetrachloride,  or 
chloroform,  no  decomposition  of  the  argentic  picolinate  was  visible  during  eight 
days  stirring  at  room  temperature  and  in  5  min.  at  the  boiling  point.  In  dioxan,  a 
brown  precipitate  and  a  silver  mirror  appeared  durii:g  2  days  stirring  at  room 
temperature.  In  t-butanol,  no  change  was  visible  during  long  periods  at  0-82°.  In 
acetic  acid,  no  change  was  observed  during  two  weeks  at  room  temperature,  but  at  the 
boiling  point  a  brown  solution  and  a  silver  mirror  vrere  formed  in  15  min. 

Oxidation  of  2-benzylamino-2.4.4-trimethylpentane  in  organic  solvents. 

(a)  2-Benzylamino-2,4,4“trimethylpentane  (O.OI  mole,  2,19g.),  argentic 
picolinate  (0.02  mole)  and  ethanol  (15O  ml, )  were  stirred  at  roan  tenperature  (20°) 
foi'  3  hrs. ,  when  the  red  colour  was  discharged.  The  mixture  was  filtered,  the 
filtrate  added  to  1  litre  of  v/ater,  followed  by  sufficient  hydrochloric  acid 

to  precipitate  all  silver  as  the  chloride,  Hie  solution  was  steam  distilled  and 
benzaldehyde  in  the  distillate  was  estimated  as  the  2,4-dinitrophenylhydreuzone, 

(93?^,  m.p.  237°. 

(b)  Reaction  wras  carried  out  in  t-butenol  for  3-hr,  at  65°;  ccnditiona  were 
otherwise  similar  to  those  used  for  ethanol.  Benzaldetyrde  2,4-dinitrophonylhydrazone 
(93?0  was  obtained,  m.p.  235°,  after  recrystallisation  from  dioxan. 

(c)  Reaction  was  carried  out  in  dioxan  for  3-hr.  at  65°;  conditions  were 
otherwise  similar  to  those  used  for  ethanol.  Benzaldehyde  2 ,4-dinitropher:ylhydrazone 
(7^),  was  obtained,  m.p.  237°  after  recrystallisation  from  dioxan. 
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*(<3)  A  suspension  of  argentic  picolinate  (0,02  mole)  in  a  solution  of  the 

amine  (0.01  mole,  2.19g.)  in  light  petroleum,  b.p,  2*0-60°  (15O  ml.),  was  stirred 
at  room  temperature  for  22*.  hr.  The  red  argentic  color  had  not  been  discharged 
during  this  time.  The  mixture  was  filtered  and  the  filtrate  was  shaken  with  6N 
hydrochloric  acid  (IOO  ml.).  This  gave  a  white  or5’’3talline  precipitate  of 
2-benzylamino-2,2*.,4-trimethylpentane  hydrochloride  (8£^),  m,p.  and  mixed  m.p.  237° 
after  recrystallisation  from  isopropanol.  Its  infrared  absorption  spectrum  was 
identical  vritli  that  of  the  authentic  hydrochloride.  The  petroleum  layer  left  no 
residue  on  evaporation. 

(e)  Repetition  of  experiment  (d)  in  benzene  resulted  in  no  decomposition  of 

argentic  picolinate.  2-Benzylamino-2,2*.,4-trimethylpentane  liydrochloride  (8£^)  was 
recovered  and  no  benzaldehyde  v/as  found. 

if)  A  suspension  of  argentic  picolinate  (0.02  mole)  in  a  solution  of  the  amine 

(0.01  mole,  2.19g.)  in  glacial  acetic  acid  (150  ml.)  was  stirred  at  room  temperature 
for  24  hr. ,  during  iiihiGh  the  argentic  picolinate  was  not  decomposed.  When  the 
temperature  was  raised  to  70°  the  red  color  disappeared  in  10  min.,  giving  a  greenish- 
brown  viscous  mixtiure.  Sufficient  2K-hydrochloric  acid  vra.s  added  to  precipitate  all 
silver  present  as  the  chloride  and  the  filtered  solution  was  diluted  to  1  litre  with 
water  and  extracted  with  ether.  The  ether  extract,  freed  from  acetic  acid  with 
alkali,  left  crude  benzaldehyde  on  evaporation.  ?2hen  this  residue  was  taken  up  in 
methanol  and  an  aliquot  was  treated  v/ith  an  excess  of  a  saturated  solution  of 
2,4-dinitrophenyl-hycirazine  in  2N  hydrochloric  acid,  benzaldehyde  2 ,4-<iinitrophenyl- 
hyd^azone  (80^),  m.p.  and  mixed  ra.p.  235°,  was  obtained. 

Oxidation  of  primary  and  secondary  amines  by  argentic  picolinate. 

The  following  general  procedure  was  followed  for  the  oxidations 
suramai'ised  in  Tables  2  and  3»  The  amine  (O.OI  mole),  argentic  picolinate  (0.02  mole) 
and  water  were  stirred  at  the  requisite  temperature  until  the  red  color  of  the 
suspended  argentic  picolinate  had  been  discharged.  The  argentous  picolinate  was 
filtered  off  and  the  filtrate  was  treated  with  sufficient  2^2  hydrochloric  acid  to 
ensure  complete  precipitation  of  dissolved  argentous  picolinate.  After  removal  of  the 
silver  chloride,  the  filtrate  was  steam-distilled  and  aldehyde  or  ketone  in  the 
distillate  was  estimated,  in  the  noimal  way,  as  the  2,4-dinitrophenylhydrazone. 

Oxidation  of  3.5.5-trimethylhex.vlamine. 

Mixtures  of  3,5,5-trimethylhexylamine  (O.OI  mole)  and  argentic  picolinate 
(0.02  mole)  in  water  (150  ml.)  underwent  complete  reaction  in  less  than  2  hr.  at  20° 
or  70°.  No  aldehyde  was  detected.  The  gelatinous  mixture  left  on  cooling  was  treated 
with  excess  of  2N-hydroohlorio  acid  and  ether  extracted.  Distillation,  of  ether 
yielded  an  oil,  b.p.  90°/l0  imi. ,  and  left  scene  polymer.  Analysis  and  corparison  of 
the  infrared  spectrum  with  that  of  an  authentic  sample  (see  belcw)  showed  the  product 
to  be  3,5,5“trimethylhexanonitrile,  isolated  in  1C0  yield, 

3.5. 5-Trimethylhexanonitrile. 

Treatment  of  3,5,5~trimethylhexeinoic  acid  with  excess  thienyl  chloride 
under  reflux  gave  the  acid  chloride  (9C0),  b.p,  l85°/760  ran.  on  distillation.  It  was 
caiverted  into  the  amide  (9&/) .  nup.  94°,  hy  adding  its  solution  in  ether  to  liquid 
ammonia  at  the  temperature  of  solid  carbon  dioxide;  aqueous  ethanol  was  tiaed  for 


reoiystalllsation.  The  amide  was  intimately  mixed  v/ith  phosphorus  pentoxide  (lmol,) 
•and  3,5>5-trimethylhexanoniti'lle  was  distilled  out  of  the  mixture  at  10  urn,  pressure. 
Redistillation  gave  the  pure  nitrile  (86jS),  b,p.  95-1 OOV"!  5  iJim.  When  it  v/as  stirred 
in  water  with  argentic  picolinate  (2  mol.)  for  24  hr,  at  75°,  the  red  color  was  not 
di-scharged  and  recovered  organic  material  (73i^)  showed  a  strong  nitrile  peak,  but 
'cmly  a  veiy  weak  carbonyl  peak,  in  the  infrared  spectrum, 

Oxidatiati  of  3.5.5-trimethylhexanal. 

The  aldehyde  (0,01  mole)  and  argentic  picolinate  (0.02  mole)  were  stirred 
in  water  (l50  ml.)  at  70°  for  4  hr.,  \dien  the  red  color  was  discharged.  After 
treatment  vidth  hydrochloric  acid,  ether  extraction,  and  evaporation  of  solvent, 

3.5.5- trimethylhexanoic  acid  (62^),  b.p,  92-95°/l5  mm.,  v/as  isolated  by  distillation. 

Oxidation  of  di-3.5.5-trimethvlhexYlamine. 

Di-3,5,5-trimethylhe3(ylamino  (0,01  mole),  argentic  picolinate  (0,02mole), 
and  water  (l50  ml.)  were  stirred  at  70°  for  5  minutes.  On  cooling,  the  v/hite  reaction 
mixture  formed  a  viscous  sludge,  which  was  broken  by  treating  it  with  sufficient 
2N-hydrochloric  acid  to  precipitate  all  silver  present  as  the  chloride.  The  filtrate 
v/as  extracted  with  ether  and  the  extract  mixed  with  ether  washings  of  the  silver 
chloride.  Evaporation  of  the  ether  left  a  brown  oil,  which  could  not  be  distilled, 
due  to  excessive  frothing,  and  was  therefore  chromatographed  on  alumina.  Elution  with , 
a  %  mixture  of  ether  in  light  petroleum,  b.p,  40-60°,  gave  an  orange-red  oil  (78^), 
the  infrared  ^ectrum  of  v/hich  was  identical  T.vith  that  of  an  authentic  sample  of 

3.5.5- trimethylhexylidene-3,5,5-trimethylhexylamine  (see  below), 

3.5. 5- Trime  thylhexvlldene-3 . 5 . 5-trimethylhexvlamine, 

3,5,5-Trimethylhexylamine  (0,01  mole^  14.2g. )  and  3,5,5-trimethylhexanal 

(0,1  mole,  14»3g»)  were  stirred  together  vdiile  refluxing  for  3  hr.  The  reaction  mixture 

was  cooled  and  the  upper  layer  was  dried  and  purified  by  distillation.  Pure  3,5,5- 

trimethylhexylidene-3,5,5-trimethylhexylamine,  b.p.  95-100°/0,7  mm,,  was  obtained  in 

—1 

95?^  yield,  lie  infrared  absorption  spectium  showed  a  -CcN-  peak  at  1660  cm  . 
Evaluation  of  ceric  anmonium  sulphate  as  oxidant. 

Ceric  ammonium  sulphate  (0.02  mole),  2-ben2ylamino-2,4,4-trimethylpentano 
(0,01  mole),  and  water  (l50  ml.)  were  stirred  at  70°  for  12  hr.  Benzaldehyde  formed 
was  estimated  as  the  2,4-dinitrophenylhydrazone  (1.5??),  m.p.  and  mixed  m,p.  236°;  a 
blank  test,  without  oxidant,  gave  a  similar  yield. 

Evaluation  of  mercuric  acetate  as  oxidant. 

2-BenzylDmino-2,4,4-trimethylpentane  (0.02  mole)  and  mercuric  acetate  were 
stirred  in  5/95  acetic  acid^water  mixture,  heated  on  a  steam-bath  for  24  hr.  After 
cooling,  and  acidification  to  about  pH2  with  glacial  acetic  acid,  the  reaction  mixture 
was  distilled.  Prcm,  the  distillate  benzaldehyde  2,4-dinitrophe^ylhydrazone,  nup,  235°, 
was  obtained  in  ^  yield. 
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No  major  changes  in  research  policies  iivere  made  during  the  year. 

The  three  men  each  vrorked  about  2000  hours  during  the  year,  so  that 
the  total  number  of  manhours  can  be  put  at  6000, 

£9.60  v/as  divided  between  the  three  men  leaving  a  balance  of  £190  to 
cover  the  cost  of  chemicals  and  apparatus.  No  one  item  of  expensive 
equipment  was  bought  during  the  year  at  direct  contract  expense. 


